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PKEFAOE. 


Thb  works  of  the  late  Professor  Mahan  are  too  well  and 
too  faTorably  known  to  need  special  comment  from  the 
present  Editor. 

The  first  edition  of  his  work  on  CiTil  Engineering  ap- 
peared when  engineering  as  a  learned  profession  was  8e4ircely 
recognized  in  this  country,  and  when  but  a  verj  limited 
amount  of  instruction  upon  the  science  which  pertains  to  it 
waa  given  in  our  schools.  Descriptions  of  processes  and  of 
works  e-xecnted  were  the  essential  means  of  giving  the  infor- 
mation which  was  needed  by  the  engineer.  Tliis  determined 
the  essential  characteristic  of  his  work,  which  is  descriptive^ 

More  reeentlyj  numerous  schools  have  been  established, 
which  are  intended  to  give  thorough  nH^'niftion  in  the  science 
of  engineering,  and  in  which  the  courses  of  ine^mction  >tfe 
largely  filled  with  mathefjuitical  analyjii^,  .But  analysis 
alone^  however  important,  can  never  take  Jt|ie  place  of  descrip- 
tive matter.  Every  successful  structure*  serves  ^  <i  guide  in 
tlie  construction  of  all  future  similar  works.  Thus  the  .expe- 
rience of  one  may  become  the  wisdom  of  many. 

Before  his  untimely  death,  Prf^aor  Mahan  had  prepared 


'ACS. 

a  thorongfa  reviaon  of  thk  work,  mnd  aboat  oce-third  of  it 
had  paaeed  throngh  the  press  when  the  present  Editor  took 
chaige  of  it 

I  hare  endeavored  to  do  foil  justice  to  the  original  anthot 
bj  preserving  the  eaaential  character  of  the  work,  and  retain 
in^  nearly  all  the  matter  which  he  had  prepared ;  still,  I  have 
omitted  a  few  paragraphs  which  were  deemed  non-eseential, 
and  condensed  others.  I  have  also  added  considerable  new 
matter,  which  is  scattered  thronghont  that  portion  of  the 
work  which  I  have  had  in  charge.  I  tnut  that  mj  Uhom 
have  added  to  the  value  of  the  work. 
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L  i  KNOWLEDGE  of  the  ppoperties  of  building  materials 
H  one  of  the  most  important  branches  of  Civil  Engineering. 
An  engineer,  to  be  enabled  to  make  a  jndicious  selection 
of  materials,  and  to  apply  them  so  that  the  ends  of  sound 
economy  and  skilful  workmanship  shall  be  equally  sub 
ceined^  must  know : — 

1st  Their  ordinary  dnrability  under  the  various  circum- 
stances  in  which  they  are  employed,  and  the  means  of  in- 
creasing  it  when  desirable. 

Sd  Their  capacity  to  sustain,  without  injury  to  their 
phjBical  qualities,  permanent  strains,  whether  exerted  to 
cmah  them,  tear  them  asunder,  or  to  break  them  trans* 
verseW. 


3d*  Their  raidt&nce  to  niptorc  and  wear,  hxym  percfoseioa 
and  attrition* 

4tb,  FiDally,  the   time  and  expense  neeeaeai^  to  oonTerl 
them  to  the  ttsee  for  which  they  ma;  be  required. 

2.    The  materials   'ji  geneml  oae  for  ci^   constructiona 
may  be  arranged  imder  the  three  following  heads : — 

Ist  Thoge  which  conatitate  the  more  solid  components  of  1 
stmctiires^  as  SUme^  Bricks  Woody  and  the  Msiais, 

2d.    The  cements  in  general,  as  Mortar^  MmHgs^  Olus^ 
etc.,  which  are  used  to  nmte  the  more  aoUd  parts.  i 

3d.  The  yarions  mixtures  and  chemical  preparations,  aaj 
solutions  of  Salts^  Paints^  Biiumirwus  Subst€mceaj  etc*^] 
employed  to  coet  the  more  solid  parts,  and  protect  them  1 
from  the  chemical  and  mechanical  action  or  atmospherio  ] 
changes^  and  other  causes  of  destmotibility. 


3.  The  terra  Stone^  or  Rock^  is  applied  to  any  aggregation 
of  several  mineral  substances. 

Stones,  for  the  convenience  of  description/ may  be  arranged 
under  Hxree  general  heads — the  Mtctoua^  the  arffUlaoetme^  \ 
and  the  caloareotts. 

4.  SILICIOUS  STONES,  The  stones  arranged  under 
this  head  receive  their  appellation  from  ^/feuj,  the  principal 

constituent  of  the  mineraU  which  compose  them.  They  are 
also  frequently  designated,  either  according  to  the  mineral 
found  most  ajjundantly  in  them,  or  from  the  appearance  of 
the  stone,  as  fWdj<patAic,  quartsose^  aretiaosotm^  etc. 

5.  The  siHcious  stones  generallv  do  not  effervesce  with 
acids,  and  emit  sparks  when  struck  with  a  steel  They  pos- 
sess, in  a  high  degree,  the  properties  of  strength,  hardness, 
and  durability ;  and^  although  presenting  c^reat  diversity  in 
the  decree  of  these  properties,  as  well  as  m  their  structure, 
they  mniish  an  extensn-e  variety  of  the  best  stone  for  the 
various  purposes  of  the  engineer  and  architect. 

6.  SteniUy  Porphyry^  and   G^remv^tone^  from   the  abun- 
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dance  of  feldspar  which  they  contain,  are  often  Jeaignated 
as  feldspathic  rocks.  For  diirability,  strength,  and  hard- 
tiee&^   they   may   be   placed   in   the   first    rank  of    &iljciuus 

7.  Sienite  consists  of  a  granular  aggregation  of  feldspar, 
bfjniblcnde,  and  quartz.  It  furnishes  one  of  the  most  vaiua- 
Dle  building  stones,  particularly  for  strnctiires  which  require 
ffreat  strength,  or  are  exposed  to  any  very  active  causes  of 
Sestmctibibty,  as  sea  walls,  lighthouses,  and  fortifimtions. 
Sienite  occurs  in  extensive  bec£,  and  may  be  obtained,  from 
the  localities  where  it  is  quarried,  in  blocks  of  any  requisite 
size.  It  does  not  yield  easJy  to  the  chiselj  owing  to  its  great 
hardness,  and  when  coarse-grained  it  cannot  be  wrought  to  a 
smooth  surface.  Like  all  stones  in  which  feldspar  is  foimd, 
the  dTirabiUty  of  sienite  depends  essentially  upon  the  com- 
position of  this  mineral,  which,  owing  to  the  potash  it  con- 
tains, sometimes  decomposes  very  rapidly  when  exposed  to 
the  weather.  The  durability  of  feldspathic  rocks,  however, 
is  very  variable,  even  where  their  composition  is  the  same ; 
no  pains  should  therefore  be  spared  to  ascertain  this  prop- 
erty in  stone  taken  from  new  quarri^,  before  using  it  for 
important  public  works, 

8.  Porphyry.  This  stone  is  usually  composed  of  com- 
pact feklspar,  having  crystals  of  the  same,  and  sometimes 
those  of  other  minerals,  scattered  through  the  mass*  Por- 
phyry furnishes  stones  of  various  colors  and  texture;  the 
\uun\  color  being  reddish,  approaching  to  purple,  from  which 
the  stone  takes  its  name.  One  of  the  most  beautiful  varie- 
ties is  a  brecdated  porphyry,  consisting  of  angular  fras^ents 
of  the  stone  united  by  a  cement  of  compact  feldspar- 
Porphyry,  from  its  rareness  and  extreme  hardness,  is  seloom 
apptiecl  to  any  other  than  oi-nament^  purposes*  The  best 
known  localities  of  sienite  and  porphyry  in  the  United 
States  are  in  the  neighborhood  of  Boston, 

A  Green-Btone.  This  stone  is  a  mixture  of  hornblende 
with  common  and  compact  feldspar,  presenting  sometimes  a 
granular  though  usually  a  compact  texture.  ItB  ordinary 
color,  when  dry,  is  some  shade  of  brown ;  but,  when  wet,  it 
becomes  greenish,  from  which  it  takes  itfi  name.  Green- 
atone  is  very  hard,  and  one  of  the  most  durable  rocks ;  but, 
occurring  in  small  and  irregular  blocks,  its  uses  as  a  build 
ing  stone  are  very  restricted.  When  walla  of  this  stone  are 
built  with  very  white  mortar,  they  present  a  picturesque  ap- 
|^»€€iranc€  ana  it  is  on  that  acc4:mnt  well  adapted  to  rural 
architecture.    Green-stone  might  also  be  used  as  a  materia) 
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fcr  road-maliing ;  lame  ouantitieB  of  it  are  annually  taken 
from  the  priiunpal  localitj  of  this  rock  in  the* United 
estates,  &o  well  known  as  the  PalisadeB,  on  the  Hudson,  for 
conBtriK^titig  wlmrves,  as  it  is  found  to  withstand  well  the 
action  of  ^alt  water, 

10.  Granite  and  Gneiss.  Tlie  eonstituentB  of  these  twc 
stones  are  the  same,  being  a  granular  aggregation  of  quanr, 
feldspar,  and  mica,  in  variable  proportions.  They  differ  only 
in  their  structure — gneiBS  being  a  stratified  rock,  the  ingre- 
dients of  which  occur  freqnentiy  in  a  more  or  less  laminated 
state.  Gneiss,  althoiigh  lees  valuable  than  granite,  owin^  to 
the  effect  of  its  structure  on  the  size  of  the  blocks  whitSi  it 
yields,  and  from  its  not  split ti up  as  smoothly  as  granite 
acroes  its  beds  of  stratification,  lumishes  a  buihiing  stone 
suitable  for  most  architectural  purp<:*Bes,  It  is  also  a  good 
flagging  material,  when  it  can  be  obtained  in  thin  slabs. 

Grauite  varies  greatly  in  quality  according  to  its  texture 
and  the  relative  proportion  cif  its  constituents,  ^Vben  the 
quart?,  is  in  excess,  it  rendem  the  stone  hard  and  brittle,  and 
very  difficult  to  be  worked  with  the  chisel.  An  excess  of 
mica  usually  makes  the  stone  friable.  An  excess  of  fcldspai 
gives  tlie  stone  a  white  hue,  and  makes  it  freer  under  the 
chisfib  The  best  granites  are  those  with  a  tine  grain,  in 
which  the  constituents  seem  uniformly  disseminated  through 
the  mass.  The  color  of  granite  is  usually  some  shade  of 
gray ;  when  it  varies  from  this,  it  is  owing  to  the  color  of  the 
feldspar.  One  of  its  varieties,  known  as  Oriental  grain*te, 
has  a  fine  reddish  hue,  and  is  used  chiefly  for  ornamental 
purposes.  Granite  is  sometimes  mistaken  for  sienite,  when 
it  contains  but  little  mica, 

Tlie  quality  of  ^anite  is  affected  by  the  foreign  minerals 
w^hichit  may  contain;  hornblende  is  said  tf>  render  it  tough, 
and  schorl  makes  it  quite  brittle.  The  protoxide  and  sul- 
phurets  of  iron  are  the  most  injurious  in  tlieir  effects  on 
pranite ;  the  former  by  conversion  into  a  peroxide,  and  the 
latter,  by  decomposing,  destroying  tlie  structure  of  the  stone, 
and  causing  it  to  break  up  and  diBintegrate, 

Granite,  gneiss,  and  sienite,  differ  so  little  in  their  essen- 
tial qualities,  as  a  building  material,  tliat  they  may  be  used 
indifferently  for  all  structures  of  a  solid  and  dumblc  charac 
ter.  They  are  extensively  quarried  in  most  nf  the  Xew 
England  States,  in  New  York,  and  in  some  of  the  other 
States  intersected  by  the  great  range  of  priraitive  rocks, 
where  the  quarries  lie  contiguous  to  tidewaten 

11,  Mica  Slate*    The  constituents  of  this  stone  are  quarti 
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^||Mld  mica,  the  latter  predominatiiig.  It  is  used  principally 
W  »  fiagging  stone,  and  as  a  fire  stone,  or  liiiing  for  fnr- 
racee. 

12.  Buhr  or  Mill  stone.  This  is  a  very  hard,  durable 
stone,  presenting  a  peculiar,  honeycomb  appearance.  It 
mftkea  a  gcxni  building  material  for  oomraon  purpoeas,  and 
18  alflf>  suitable  for  road  covering, 

13-  Hom-stone.  This  is  a  highly  siliciuiis  and  very  hard 
etane.  It  i-e^etnbles  flint  in  its  strncture,  and  takes  its  name 
from  its  translucent,  hom-llke  appearance.  It  famishes  a 
verj*  good  road  material. 

14.  Steatite,  or  Scap-stone.  This  stone  is  a  partially 
indurated  talc.  It  is  a  very  soft  stone,  not  gnitable  tor  ordi- 
nary  building  purposes.  It  furnishes  a  good  fire-stone,  and 
is  tised  fi^tr  the  lining  of  fireplaces, 

15»  Taloose  Slate.  This  stone  resembles  mica  slate,  be- 
ing an  a^regation  of  quartz  and  talc.  It  is  applied  to  the 
same  purposes  as  mic4i  slate. 

10.  Sand-stone.  This  stone  consists  of  grains  of  sihcioua 
sand,  arising  from  the  disintegration  ot  silicious  rocks, 
which  are  united  by  some  natuml  cement,  generally  of  an 
argillaceous  or  a  silicious  character. 

The  strength,  hardness,  and  dnrability  of  sand-stone  vary 
between  very  wide  limits.  Some  varieties  being  little  in- 
ferior to  good  granite,  as  a  building  stone,  othere  being  very 
soft,  friable,  and  disintegrating  rapidly  when  exposed  to  the 
weather.  The  least  durable  sand-stones  are  those  which  con- 
tain the  most  argillaceous  matter ;  those  of  a  feldapathic  chai*- 
acter  are  also  round  not  to  withstand  well  the  action  of  the 
weather. 

Sand-stone  is  used  very  extensively  as  a  building  stone,  for 
flagging,  for  road  materials,  and  some  of  its  varieties  furnish 
an  excellent  fire-etone.     Most  of  the  varieties  of  sand-stone 

S'eld  readily  under  the  chisel  and  saw,  and  split  evenly,  and, 
cm  these  properties,  have  received  from  workmen  the  name 
QiJh^-9ton€,  The  colors  of  san  J-stone  present  also  a  variety 
of  shades,  principally  of  gray,  brown,  and  red. 

The  fonnations  ot  sand-stone  in  the  United  States  are  very 
extensive,  and  a  number  of  quarries  are  Avorked  in  Xew 
England,  New  York,  and  the  Middle  States.  These  fonna- 
tions, and  the  character  of  the  sttjne  obtained  from  them,  are 
minutely  described  in  the  Oeohgical  lieports  of  (Aese 
Siaies^  whidi  have  been  published  within  the  last  few 
years. 

Kost  of  the  stone  used  for  the  public  buildings  in  Wash' 
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ijigton  IB  a  sand-stone  obtained  from  quarries  on  Acqnia 
Creek  and  the  Eappalmnnock.  Much  of  this  stone  is  felds- 
pathic,  possesses  but  little  strength,  and  disintegrates  rapidly. 
Tlie  red  sand-atones  which  are  used  in  our  larg^  cities  are 
either  from  qnarries  in  a  formation  extending  from  the 
Hudson  to  North  Carolina,  or  fnim  a  separate  deptjsit  in  the 
Valley  of  the  Conneeticut.  Tlie  most  dural>le  and  hard 
portions  of  these  formations  oeciir  in  the  neighborhood  of 
trap  dikes.  The  fine  flagging-stone  used  in  our  cities  ia 
obtained  mostly  either  from  the  Connecticut  quarries,  or 
from  others  near  the  Hudson,  in  the  Catskill  group  of 
mountains.  Many  quarries,  which  yield  an  excellent  build- 
ing stone,  are  worked  in  the  extensive  formations  along  the 
Appalachian  range,  which  extends  through  the  interior, 
through  New  York  and  Virginia,  and  the  intermediate 
States. 

17.  Argfillaceous  Stones,      The 
tliis  head  are  mostly  composed  of 


stones 
clay, 


arranged  nnder 
I  a  more  or  lesa 
indurated  state,  and  presenting  a  laminated  structure.  They 
vary  greatly  in  strength,  and  are  generally  not  durable, 
decomposing  in  some  cases  very  rapidly,  from  changes  in 
the  metallic  sulphurets  and  salts  found  in  most  of  them. 
The  uses  of  this  class  of  stones  are  restricted  to  roofing  and 
flagging, 

18.  Rooming  Slate,  This  well*known  stone  is  obtained 
from  a  hard,  indurated  clay,  the  surfaces  of  the  lamina 
having  a  natural  polish.  The  best  kinds  split  into  thin, 
uniform,    light  slabs;    are  free  from  sulphurets  of  iron; 

fjive  a  clear  ringing  sound  when  struck ;  and  absorb  but 
ittle  water.  Much  of  the  rooting  slate  quarried  in  the 
United  States  ia  of  a  very  inferior  qualit^^,  and  becomes 
rotten,  or  decomposes,  after  a  few  years'  exposure.  The 
durability  of  the  oest  European  slate  is  abont  one  hundred 
years  ;  and  it  is  stated  that  the  material  obtained  from  some 
of  the  quarries  worked  in  the  United  States  is  not  appai*ently 
inferior  to  the  l>est  forciOT  slate  brought  into  our  markets. 
Several  quarries  of  roomig  slate  are  worked  in   the  New 


England  btates,  New  York  and  Pennsylvania. 

19,  Grayw^aoke  Slate«  The  composition  of  thiB  stone 
lA  mostly  indurated  clay.  It  has  a  more  earthy  appearance 
than  argillaceous  slate,  and  is  generally  distinctly  arenace- 
ous. Its  colors  are  usually  dark  gray,  or  red.  It  is  quarried 
principally  for  flagging-stone. 

20.  Hornblende  Slate.  This  stone,  known  also  as  green* 
Btone  slate,  properly  belongs  to  the  silicious  class.    It  eon* 
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•iiti  niostly  of  hornblende  having  a  laminated  Btractnre.     It 
is  qiuirriet]  chiefly  for  flagging-stoue. 

2L  Caloareotis  Stones.  Lime  is  the  principal  const  ttn 
ent  of  tliis  class,  tlie  carbonates  of  which,  known  a?  Urns- 
ston^  and  marble^  fumisjh  a  large  amount  of  ordinary  build- 
ing fitoiie,  most  of  the  ornamental  stones,  and  the  chief  in- 
gredient in  the  composition  of  the  cements  and  mortal's  used 
in  stone  and  brick  work.  Limestone  effervesces  copiously 
with  acids ;  its  tcxtui-e  is  destroyed  by  a  strong  heat,  which 
also  drives  off  its  carbonic  acid  and  water,  converting  it  into 
yt^u»X'  lime.  By  absorbing  water,  quick4i me  is  converted  into 
a  hydrate,  or  what  is  known  as  slaked  lime ;  considerable 
heat  is  evolved  during  tJiis  chemical  change,  and  the  Etone 
increases  in  bulk,  and  gradually  crumbles  down  into  a  fine 
powder. 

The  limestones  present  great  diversity  in  their  physical 
properties.  Some  of  them  seem  as  durable  as  the  best  sili- 
cions  stones,  and  are  but  little  inferior  to  them  in  strength 
and  hardneas ;  others  decompose  rapidly  on  exposure  to  the 
weatlier;  and  some  kindt^  arc  so  6*>ft,that  when  first  quarried, 
they  can  be  scratched  witb  the  nail,  and  broken  between  the 
fingers. 

The  limestones  are  generally  impure  carbonates ;  and 
we  are  indebted  to  these  impurities  for  some  of  the 
most  beautiful,  as  well  a^  the  most  valuable  materials  used 
for  constructions.  Those  which  are  colored  by  metallic 
oxides,  or  by  the  presence  of  other  minemls,  furnish  the 
lai^  number  of  colored  and  variegated  marbles;  while  those 
which  contain  a  certain  pmportion  of  clay,  or  of  magnesia, 
yield,  on  calcination,  thcjse  cements  which,  from  their  posses- 
sing the  property  of  hardening  under  water,  have  received  the 
vanous  appellations  of  kydraidic  lime,  water  lime,  RoTnan 
cement,  etc. 

Limestone  is  divided  into  two  principal  classes,  granular 
limestone  and  compact  limestone.  Each  of  these  furnishes 
both  the  marbles  and  ordinary  building  stone.  The  varieties 
not  susceptible  of  receiving  a  polish  are  sometimes  called 
common  hmestone. 

The  granular  limestones  are  generally  superior  to  the 
compact  for  building  pui*pose8.  Those  wluch  have  the 
finest  grain  are  the  l^est,  b<jtli  for  marbles  and  ordiimry 
buiWing  stone.  The  coai'se-graincd  varieties  are  frequently 
friable,  and  disintegrate  rapidly  when  exposed  to  the  weather 
All  the  varieties,  both  of  the  compact  and  granular,  work 
freely  tmder  the  chisel  and  grit-saw,  and  may  be  obtainoJ 
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In  blocks  of  ftnj  Bnitable  dimensians  for  the  heaviest  stror 
ttirea. 

TJie  rjiirability  of  limestone  is  very  materxallr  affected 
bv  the  forciVn  mineTaU  it  may  contain;  the  presence  ol 
clay  injures  tne  stone,  particularly  when,  as  Sfmn^timed  bap- 
pens,  it  niiis  thrf»ugh  the  l>ed  in  very  minute  veins :  blocks 
of  stone  having  thia  imperfection  soon  separate  along  these 
veins  on  exposure  to  moisture.  The  protoxide,  tlie  proto-car- 
bonate,  and  the  aulphui-et  of  iron,  are  also  ver)^  destructive  in 
their  cfFecti* ;  frequently  causing,  by  their  chemical  chants, 
rftj)id  disintegration. 

Amon^  the  varieties  of  irnpure  carbonates  of  lime,  the 
»mwmf#tayi  limestones,  called  (hlotnii^SytuQTit  to  l>e  particn- 
larfV  noticed.  They  are  regarded  in  Europe  as  a  superior 
building  material ;  those  being  ctnisidered  the  best  which 
are  most  crystalline,  and  are  composed  of  nearly  emial  pro- 
portions of  the  carbonates  of  lime  and  magnesia.  Some  of 
the  quarries  of  this  stone,  wLi(:;lj  have  been  opened  in  New 
York  and  Massachusetts,  have  given  a  different  result ;  the 
stone  obtained  from  tliem  being,  in  some  cases,  extremely 
friable. 

22,  Marbles. — The  term  marble  is  now  applied  exclu- 
sively to  any  limestones  which  will  receive  a  pilii^h.  Owing 
to  the  cost  of  pi-eparing  marble,  it  is  restricted  mostly  in  ita 
use©  to  oniameutal  purposes.  The  marliles  present  great 
variety,  both  in  color  and  api)earance,  and  have  genemlly 
received  some  appropriate  name  descriptive  of  these  acci- 
dents, 

23*  Statuary  Marble  is  of  the  purest  white,  finest  CTain, 
and  free  from  all  foreign  minerals.  It  receives  that  delicate 
jX)lishj  without  plare,  wliich  admirably  adapts  it  to  the  pur- 
poses of  the  sculptor,  for  wliose  use  it  is  mostly  reserved. 

24.  Conglomerate  Marble.  This  consists  of  two  varie- 
ties ;  the  one  termed  ptufdin^  stone,  whicli  is  composed  of 
roimded  pebbles  embedded  in  compact  limestone ;  tlie  other 
termed  breccia^  consisting  of  angular  fragmenta  united  in  a 
similar  manner.  The  colors  of  these  marbles  are  genemlly 
variegafeil,  forming  a  very  bandsonie  ornamental  material. 

25/  Bird's-eye  Marble.  The  name  of  this  stone  is  de- 
scriptive of  its  appearance,  wliich  arisen  from  the  cross  sec- 
tions of  a  i>eculiar  fossil  (fuandei^  Jemtsstts)  contained  in 
tbe  nniss,  made  in  sawing  or  splitting  it. 

26,  liiunachella  Marble.  This  is  obtained  from  a  lime* 
stone  having  ghells  embedded  in  it,  and  takes  its  naiQe  from 
this  circumstance. 
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fn,  Verd  Antique.    This  is  ii  rare  and  costly  Tarietj ,  ol 


beautiftil  green  color, 


and 


Tam 

blotches 


of 


eausea  by  veins 
peniin^  diffused  through  the  litiiestoiie. 

28*  The  terms  tmned^  golden^  Italian^  Trishy  etc,  given  to 
the  Diarblcs  found  in  our  markets  ar^e  sii^nificant  of  tEeir  ap- 
pearance,  or  of  tJie  localities  from  which  they  are  pmcured. 

2©  Limestone  is  so  extensively  diffused  throughout  the 
United  States,  and  quarried,  either  for  building  tittine  or 
to  fnmiftU  lime,  in  ?o  many  localities,  that  it  would  be  im 
practicable  to  enumerate  all  within  any  mcKlerate  ci^rapase. 
One  of  the  meet  remarkable  formations  of  this  stone  extends, 
in  an  nninterrapfed  bed,  from  Canada,  through  the  States  oi 
Vermont,  Mass.,  Conn.,  New  York,  New  Jei-sey,  Penn.,  and 
Vira^.,  and  in  all  probability  much  farther  south. 

Harbles  are  quarried  in  various  localities  in  the  United 
States^  Among  the  most  noted  are  the  quarries  in  Berk- 
afaire  Co.,  Mass.,  which  furnish  both  pure  and  variegated 
marbles ;  those  on  the  Potomac,  from  which  the  columns  of 
conglomerate  marbles  were  obtained  that  are  seen  in  the 
interior  of  the  Capitol  at  Washington;  several  in  New  York, 
which  furnish  white,  the  bird*&-eye,  and  other  variegated 
kinds:  and  some  in  Conn.,  widen,  among  other  vaneties, 
fnmisn  a  verd  antique  of  handsome  quality. 

limestone  is  burned,  eitJaer  for  building  or  a^icultnral 
purposes,  in  almost  every  locality  where  deposits  of  tlie 
etone  occnr.  Thomaston,  in  Maine,  has  supplied  for  some 
years  most  of  the  markets  on  the  sea-boarci  with  a  material 
which  is  considered  as  a  superior  article  for  ordinary  build- 
ing purposes.  One  of  the  greatei5t  additions  to  the  building 
resoorcea  of  oar  country  was  made  in  the  discovery  of  tJie 
hydraulic  or  water  limestones  of  New  York,  The  prepara- 
tion of  this  material,  so  indispensable  for  all  hydraulic  works 
and  heavy  structures  of  stone,  is  carried  on  extensively  at 
Rondout,  on  the  Delaware  and  Hudson  canal,  in  Madison  Co., 
and  is  sent  to  every  part  of  the  United  States,  being  in 
great  demand  for  all  tne  public  workB  carried  on  under  the 
superintendence  of  our  civil  and  mihtary  engineers.  A  not 
leas  valuable  addition  to  our  bnilding  materials  has  been 
made  by  Prof.  W.  B.  Kogera,  who,  a  few  years  since,  direct 
ed  the  attention  of  engineers  to  the  dolomites,  for  theirg(X>d 
hydraulic  properties.  From  experiments  made  by  Vicat, 
in  France,  who  first  there  observed  the  same  pn^peities  in 
the  dolomite,  and  fix^m  those  in  our  country,  it  appears  highly 
probable  that  the  magnesian  limestones,  containing  a  cer- 
tain proportion  of  magnesia^  will  be  foimd  fully  eqnal  tc 
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the  ai^JIac^eoufl,    from   which   hydraulic  Urae  haa  hitliertc" 

been  Bolelv  obtained. 

Both  or  these  limestones  belong  to  verj'  extensive  fonnft* 
tions*  The  hydranlic  liiiiostoiiea  of  Now  York  occur  in  a 
deposit  aiUcd  the  Water-lirae  Group,  in  the  Geological  Snrvev 
of  New  York  eorre.spondin^  to  formation  VL  of  Prof.  H. 
B.  Rogers'  arrangement  of  Sbe  rocks  of  Penn.  This  forma- 
tion is  co-extensive  with  the  Ilelderberg  Kange  a3  it  crosses 
New  York ;  it  is  exptieed  in  many  of  the  valleys  of  PeniL 
and  Vir.,  west  of  the  Great  Valley.  It  may  be  sought  for 
jnst  below  or  not  far  beneath  the  O  risk  any  sand -titones  of 
the  New  York  Survey,  which  correspond  to  formation  VII. 
of  Rogers.     This  sand-stone  is  easily  rec/>gnized,  being  of  a 

! yellowish  white  color,  granular  texture,  witJi  large  cavities 
eft  by  decayed  shells.  The  lintestone  is  nsnally  an  earthy 
drab-colored  rock,  sometimes  a  greenish  blue,  which  does  not 
slake  after  being  Ijurned. 

The  hydraulic  raagnesian  limestones  belong  to  the  for- 
mations iL  and  VI,  of  Rogers ;  the  first  of  these  is  the  same 
as  the  Black  River  or  Mohawk  limestone  of  the  New  York 
Survey.  It  is  the  oldest  fossiliferous  limestone  in  the  United 
States,  and  occurs  throughout  the  whole  bed*  associated  with 
the  slates  which  o<n*npy  formation  II L  of  Rogers,  and  are 
called  the  Hudson  River  Gmup  in  the  New  York  Survey. 
This  extensive  bed  lies  in  the  great  Appalachian  Valley, 
known  as  the  VsiUey  nf  Lake  Champlain,  Vallcv  of  the  Hud- 
&c»n,  as  far  as  the  llighlanda,  Cumberland  Valley,  Valley  of 
Virginia,  and  Valley  of  East  Tennessee.  The  same  stoiie  is 
found  in  the  deposits  of  some  of  the  western  valleys  of  the 
mountain  region  of  Penn.  and  Virginia. 

Thus  far  no  deposits  of  hydramic  limestones  have  been 
found  on  the  Pacinc  Coast, 

The  importance  of  hydraulic  lime  to  the  security  of  strno- 
tures  ex|Kised  to  constant  moisture  renders  a  knowledge  of 
the  geological  positiorts  of  those  limestones  from  which  it 
can  be  obtained  an  object  of  great  interest.  Fnnn  the  results 
of  the  various  geological  surveys  made  in  the  United  Slates 
and  in  Europe,  limestone,  possessing  hydraulic  pnvpertiea 
when  calcinea,  may  be  looked  for  among  these  Ireds  which 
are  found  in  connection  with  the  aludesj  or  other  argilhicecms 
deposits.  The  celebrated  Raman  or  Parke/s  cemtnty  of 
England,  which,  fixim  its  prcinpt  induration  in  water^  haa 
becimie  an  important  article  of  cc»mmerce,  is  niamifactured 
from  nodules  of  a  concretionai-j^  argillaceous  limestone,  called 
i€ptariaj  from  being  traversed  by  veins  of  sparry  carbonate 
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.if  lime.  jS'odules  of  this  character  are  fouad  in  Mam.,  and 
IB  some  other  States ;  and  it  is  pmbable  they  would  yield,  if 
mitablr  calcined  and  ground,  an  article  in  nowise  inferior  to 
tbat  imported. 

30,  GYPSUM,  or  PLASTER  of  PARIS.     This  stone  ifl 

g  sulphate  of  lime,  and  has  i-eceived  its  name  from  the  exten- 

gjVe  use  made  of  it  at  Paris,  and  in  its  neighborhood,  where 

it  IB  qnarried  and  sent  to  all  parts  of  the  world ;    bein^  of  a 

superior  quality,  owing,  it  is  stated,  to  a  certain  portion  of 

Gurbonate  of  lime  which  the  stone  contains.    Gypsom  is  a 

wary  soft  stone,  and  is  not  used  aa  a  building  stone.     Its  chief 

utility  is  in  furnishing  a  beautiful  material  For  the  ornainenUl 

cak^ts  and  mouldings  in  the  interior  of  edifices.     For  this  pur- 

poee  it  is  prepaitxT by  calcining,  or,  as  tlie  workmen  term  it. 

Induing  the  stone,  until  it  is  deprived  of  its  water  of  crystal- 

Jiz^Btion.     In  this  state  it  is  maae  into  a  thin  paste,  and  poured 

\XJt%A>  moulds   to  fonn  the  cast,  in  which  it  hardens  very 

pi-omptly.     Calcined  plaster  of  Paris  is  also  used  as  a  cement 

U:  - ;   but  it  is  eminently  unfit  for  this  purpose ;   for 

w  posed,  in  any  situation,  to  moisture,  it  aosorDS  it  with 

fc^^v^dity,  swells,  cracks,  and  e.xfoliate8  rapidly, 

Gypstun  is  found  in  various  localities  in  the  United  States, 
E.«ar£;e  quantities  of  it  are  quarried  in  New  York,  both  for 
b^uii^g  and  agricultui*al  pmposes. 

8L  DURABIUTY  OP  STONE.  'The  most  important 
^juperties  of  stone,  as  a  building  material,  are  its  durability 
UJmer  the  ordinary  circumstances  of  exposure  to  weather  ; 
Its  capacity  to  sustain,  without  change,  high  degrees  of  tem- 
perature ;  and  its  resistance  to  the  destructive  action  of  fresh 
and  salt  water. 

The  wear  of  stone  from  ordinary  exposure  is  very  variable, 
depending,  not  only  upon  the  texture  and  constituent  elements 
of  the  stone,  but  also  upon  the  locality  and  position  it  may  oc- 
•13]  iv  in  a  structure,  with  respect  to  the  prevail ino;  driving 
runs*  The  chemist  and  geologist  have  not,  tnuB  far,  mid  down 
any  infallible  rules  to  guide  the  engineer  in  the  selection  of  a 
material  that  may  be  pronounced  durable  for  the  ordinary 
period  allotted  to  the  works  of  man.  In  truth  the  subject  ad- 
mits  of  only  e;eneral  indications  ;  for  stones  having  the  same 
texture  and  clieinical  composition,  from  causes  not  fully  as- 
certained, are  found  to  posseBs  very  different  degrees  of  aura- 
lion*  This  haB  been  particularly  noted  in  feldspathic  rocks. 
As  a  general  rale,  those  stones  which  are  fine-grained,  absorb 
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leaat  water,  and  are  of  greatest  epecificgravity^  are  eho  moet 
durable  under  ordinary'  exposures,  l^e  weight  of  a  fetc^ne, 
however,  may  arise  from  a  large  proportion  of  iron  in  the  state 
of  a  protoxide^  a  eirciuiistanue  generally  nnfavorable  to  its 
d n nibility*  Besides  the  various  cliemical  combinations  of  i i-on , 
potash  and  clay,  when  found  in  considerable  quantities,  both 
m  the  primary  and  eedimeiitary  silicious  rocks,  greatly  affect 
their  ciurability.  The  potaah  contained  in  feldspar  dissolves, 
and,  earrjung  off  a  ccmsiderable  proportion  of  the  silica,  leaves 
nothing  butahuniuous  matter  behind.  The  clay,  on  the  other 
hand,  absorbs  water,  becomes  soft,  and  causes  the  stone  to 
crumble  to  pieces.  Iron  in  the  form  of  protoxide,  in  some  easea 
only,  discolors  the  stone  by  its  conversion  into  a  peroxide. — 
This  dlficoloration,  while  it  greatly  diminishes  the  value  of 
some  stones,  as  in  white  marble,  in  others  is  not  disagreeable 
to  the  eye,  producing  often  a  mottled  appearance  io  buildings 
which  adds  to  the  picturesque  effect. 

32,  Froet,  or  ratner  the  alternate  actions  of  freezing  and 
thawing,  is  tlie  most  destructive  agent  of  Nature  with  which 
the  engmeer  has  to  contend.  Its  eSfects  vary  with  tJie  texture 
of  stones  ;  those  of  a  fissile  nature  usually  splitting,  while  the 
more  porous  kinds  disintegrate,  or  exfoliate  at  the  surface. — 
When  stone  from  a  new  quarry  is  to  be  tried,  the  best  indication 
of  its  resistance  to  frost  may  be  obtained  from  an  examiuation 
of  any  rocks  of  the  same  kind,  within  its  vicinity,  which  are 
known  to  have  been  ex|K)scd  for  a  long  period.  Submitting 
the  stone  fresh  f rc>m  the  quarry  to  the  direct  action  of  freez- 
ing would  seem  to  be  the  mi>et  certain  test,  were  the  stone 
destroyed  by  the  ex]»aiisive  action  of  the  frost ;  but 
besides  the  uncertainty  of  this  test,  it  is  known  that  some 
stones,  which,  when  finst  quarried,  are  much  affected  by  froet^ 
splitting  under  its  action^  become  inipersious  to  it  after  they 
have  lost  the  inoisturo  of  the  quarry,  as  they  do  not  re-ab«orb 
near  so  large  an  amount  as  they  brnie  from  the  quarry. 

83,  M*  Brard,  a  French  cliemist,  naa  given  a  pmcess  for 
ascertaining  the  effects  of  im»i  on  stt'are,  which  has  met  with 
the  approval  of  many  French  archii^^cts  and  engi  Heel's  of 
staiuiing,  as  it  corresponds  with  their  experience.  M.  lirard 
directs  that  a  small  cubical  block,  about  two  inches  on  tlie 
edge,  shall  be  carefully  sawed  frtnu  the  stoue  to  be  tested.  A 
cold  saturated  solution  of  sulphate  of  soda  is  pim>ared,  placed 
over  a  fire,  and  bought  to  the  boiling  point.  Tlie  stone,  sus- 
pended from  a  string,  is  iuimersed  in  the  boiling  liqiiid,  ind 
kept  there  during  tliirty  minutes;  it  is  then  carefully  with- 
di'awn ;  the  liquid  is  decanted  free  from  sediment  into  a  Hal 
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maeL  and  tlie  etooe  is  Bnspended  over  it  in  a  cocl  cellar.    Ad 

elU' resceiice  of  the  salt  eoon  makes  its  appearance  on  the 
^rr  lie,  when  it  must  be  again  dipped  into  me  liquid.  This 
iboiiid  be  done  once  or  more  frequently  during  the  day,  and 
the  process  be  continued  in  tJiis  way  for  about  a  week.  The 
eaitny  eedinient,  found  at  the  end  oi  this  period  in  the  vessel, 
is  weighed,  and  its  (quantity  will  give  an  indication  of  the  like 
fl00Ct  of  frost  This  process,  with  the  official  statement  of  a 
ooffltaission  of  engineers  and  architects,  by  whom  it  was  test- 
ed, is  Tfiinntely  detailed  in  vol.  38^  Annates  de  Chimie  et  ds 
/  and  tlie  results  are  such  as  to  commend  it  to  the 

A,  »f  engineers  in  submitting  new  st^mes  to  trial. 

34.  FroTn  more  recent  experiments  by  Dr.  Owen  it  was 
foimd  that  the  results  obtained  by  exposing  the  mure  poix>u8 
stones  to  the  alternate  action  of  freezing  and  thawing  auring 
a  portion  of  a  winter  were  very  different  from  those  resulting 
from  Brard's  method,  owing  to  the  action  of  the  salts  being 
chemical  as  well  as  mechanical. 

35.  Bj'  the  absorption  of  water,  stones  became  softer  and 
more  friable*  The  materials  for  i-oad  coverings  should  be 
■elected  from  those  stones  which  absorb  least  water,  and  are 
ilao  hard  and  not  brittle.  Granite,  and  its  varieties,  lime- 
stane,  and  common  sand-stone,  do  not  make  good  road  mate- 
nab  of  broken  stone.  All  the  hornblende  mcks,  porphyry, 
eonipact  feldspar,  and  the  quartzose  ruck  associated  with 
gruywacke,  furnish  good,  duralile  road  coveriiiga.     The  fine- 

grained  granites  which  ccmtain  but  a  small  propt>rtion  of  mica, 
le  tine-grained  silicious  sand-stones  which  are  free  from  clay, 
and  carbonate  of  lime,  form  a  durable  material  wlien  used  in 
blocks  for  paving.  Mica  slate,  talcose  slate,  hornblende  slate, 
fiome  varieties  of  gneiss,  some  varieties  of  sand-stone  of  a 
slaty  stnicture,  and  graywacke  slate,  yield  excellent  materials 
for  flagstone. 

36-  The  influence  of  locality  on  the  durability  of  stone  is 
very  marked.  Stone  is  observed  to  wear  more  rapidly  in 
eitiea  than  in  the  country ;  and  the  stone  in  those  partd  of  edi- 
fices exposed  to  the  prevailing  rains  and  winds,  soonest  exhib- 
its  signs  of  decay.  The  disintegration  of  the  eti-atified  stones 
placed  in  a  wall  is  mainly  effected  by  the  position  which  the 
strata  or  f/uar/*f/  bed  receives,  vrith  respect  to  the  exposed  sur- 
face ;  proceeding  faster  when  the  faces  of  the  strata  are  ex- 
posed^  than  in  the  contrary  position. 

37*  EFFECTS  OF  HEAT.— Stones  which  resist  a  high 
dfigreo  of  heat  without  fusing  are  used  for  Imlng  fnmaceai 


le 
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and  Are  tanned  &re^tyne^  A  Rood  fire^tnne  ahould  not  only 
be  mfiinible^  but  alao  not  liable  to  crack  or  exfoliate  from 
heat  St^jnes  that  contain  lime,  or  ma^eeia,  except  in  the 
form  of  Ailicates,  are  OBually  luiflui table  for  fire^atonea.  Soma 
poroim  giliciotu  limestoueA,  aa  well  as  some  gjpeons  silidotia 
rock«,  Tt'iilu  moderate  dei^reeg  of  heat  Stones  that  contain 
much  potabb  are  veiy  fusible  under  high  temperatures,  ron- 
uing  inU}  a  glassy  substance.  Quartz  and  mica,  in  varioua 
combinations^  furnish  a  cood  fire-stone ;  as,  for  example,  finelj 
granular  quartz  with  thin  laprers  of  mica,  mica  slate  of  the 
same  structure,  and  mme  kinds  of  gneiss  which  contain  a 
large  proportion  of  arenaceous  quartz.  Several  Tarieties  of 
sand-stone  make  a  good  lining  for  furnaces.  They  are  usual- 
ly tlicise  vai-ieties  which  are  free  from  feldspar^  somewhat 
porous, and  are  uncrjBtallized  in  the  mass.  Talcose  slate  like- 
wise fumisbea  a  good  fire-stone. 

aa  RI3SISTANCE  TO  ATTRITION,— Hardness  is  at 
essential  quality  in  stone  exposed  to  wear  from  the  attrition 
of  hard  Ixxlies.  Stones  selected  for  paving,  flagging,  and 
steps  for  stairs,  should  be  hard,  and  oi  a  grain  sufficiently 
coarse  not  to  admit  of  becoming  very  smooth  under  the  action 
to  which  they  are  Bubmitted*  As  great  hardness  a^Jds  to  the 
difliculty  of  working  stone  with  the  chisel,  and  to  the  cost  of 
the  prepared  material,  builders  prefer  the  softer  ov^ree^tones^ 
such  as  the  limestones  and  sand-stones,  for  most  building  pur- 
poses. The  following  are  some  of  the  results,  on  this  point, 
obtained  from  experiment : 

T'cMs  $howina  the  re^uU  of  sm&rimenis  made  under  the  l 
rectum  of  Mr*  Walker,  on  me  wear  of  different  etofiee  w^ 
the  t/rafmJDay  on  tJie  Commerciat  Hoad^  London^  from 
%1th  March,  18S*0,  to  Uth  August,  1831,  beitig  aperwd  of 
eevenieen  months,     Traneactione  of  Oiml  Engineera,  vol,  1 


»«.«,«»* 

Qrtglilia  weight. 

trvigHt  by 

Xam  per 

pap.  foot;. 

«W    (|^ 

\\m. 

Gueniidy     ,     »     . 

4784   ; 

7       1 

13.75 

4.50 

0,^51 

1.000 

Bdime  ,     .     .     . 

5.8.50 

7       8 

24.25 

5.50 

7.75 

1.048 

ijoa 

Bu.lle     .... 

e.aas 

0       0 

15.75  ' 

1.228 

1,286 

Peitjrboad  (blae)   .      , 

8.484 

4        I 

7.60 

0.25 

1.795 

1.887 

Hoytor        .     ,     , 

4813 

S       0 

15.25 

8.25 

1.015 

2.014 

Abeide«ii  (rod)      . 

5.8715 

7       % 

11,50 

11.50 

2.130 

2.249 

Dftrtmoor  .     .     . 

4500 

0       % 

8,100 

1850 

2.778 

2.921 

Aberdeen  (bltie)    . 

4898 

0       2 

16.00 

1475 

8.058 

8.216 
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The  Commercial  Road  stonewaj  consiets  of  two  parallel  linea 
of  re^stangiilar  traiiistoiies,  18  inches  wide  by  12  inches  deep, 
and  jointed  to  each  other  endwise,  for  the  wheels  to  travel  on, 
^jth  ft  t^'TfimoTi  street  pavement  between  for  the  horses. 

The  following  table  gives  the  results  of  some  experimentB 
on  the  wear  oi  a  fine-grained  sand-etone  pavement,  by  M. 
Coriolis,  during  eight  years,  upon  the  paved  road  from  Parifl 
tD  Toulouse,  the  carriage  over  which  is  al»out  500  tons  daily, 
poblished  in  the  AnnaUs  des  Fonts  et  Vhausees^  for  March 
ioid  April,  1834: 


Voltunv  of  water  abflorbed  by  the 
dry  ttont!  After  cmfl  dttf*ii  iiw* 
menlAn,,  compared  with  that  of 

th«  BtODC. 


Wei«bt  of  ft 
cnbie  foot 


154  ^* 

150 '» 
148** 


Neglected  aa  iiiflensible. 


^  m  yolnme. 


H»n  annual 


0.1023  inch. 

nJ063 

It 

0.12fM» 

it 

0.2126 

a 

0.2677 

(k 

IL  Coriolis  remarks,  that  the  weight  of  water  absorbed  af 
fords  one  of  the  be^t  indications  of  the  durability  of  the  iine- 
grained  sand-stones  used  in  France  for  pavements.  An 
<  "  xxltestof  the  relative  darability  of  stones  of  the 
p..  i,  M.  Coriolis  states,  is  the  more  or  less  eleaniese  of 

souud  given  out  by  striking  the  stone  with  a  hammer. 

The  foUowiiij^  results  are  taken  fi'om  an  article  by  Mr* 
Jniric^  Frost,  Ctv.  Engineer^  inserted  in  the  Journal  of  the 
frajiklin  Institute  for  Oct,  1835,  on  the  resistance  of  variona 
iir;b»tanc^8  to  abrasion.  The  substances  were  abraded  against 
niece  of  white  statuary  marble,  which  was  taken  as  a  stand 
1,  represented  by  100,  by  means  of  fine  emery  and  sand* 
The  relative  resistance  was 'calculated  from  the  weight  lost  by 
eadi  enbstance  during  tJie  operation. 


Comparative  Hesisiance  to  Ahraswn, 

Aberdeen  gnmlte , ©80 

Hftid  T(»r1abire  paTiDg- stone 327 

lUlUa  black  marble. , , .  2H0 

Kilkenoj  black  marble, .  ^ « .  •  110 

Statvary  Marhls ,..,. 100 

Old  Portlaod  ttone ..*,,  79 

Boman  Cement  stone .*.,••  89 

Ftoe-grained  Newcastle  grindstone « « ,  58 

Stock  bride , 84 

CoaisegiJiined  Newcastle  Bedstone. * 14 

Balbttone , ,,  ..,,  IZ 


1« 
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38.  CLASSIFICATION  OF    UOME.— Considei  ed     as    ft 

building  material,  lime  is  now  usually  divided  into  three  prin- 
cipal eiiiases :  Common  or  Air  Ume^  Hydra'uUc  lime,  and  /?y- 
draidiCj  or  Water  cement. 

39.  Commiin,  or  air  lime,  ie  so  called  becaufie  the  paste 
made  from  it  with  water  will  harden  only  in  the  air. 

40.  Hydraulic  lirae  and  hydraulie  cement  both  take  their 
name  from  hardening  nnder  water.  The  fonner  differs  from 
the  latter  iu  two  essential  points.  It  slakes  thoroughly,  like 
commfm  lime,  when  deprived  of  ita  carbonic  acid,  and  it  does 
not  harden  pi'omptly  under  water.  Hydraulic  cement,  ou  the 
ccn\trarv,  d<:>es  not  slake,  and  usually  hardens  very  soon. 

4L  Our  nomonelature,  with  regard  to  these  snbstancea,  \b 
Btill  quite  defective  for  scientific  arrangement.  Forthelime- 
Btc»nes  ivhich  yield  hvdraulic  lime  when  completely  calcined, 
ako  give  an  hydraulic  cement  when  deprivea  of  a  portion  only 
of  their  carbonic  acid ;  and  other  liinestones  yield,  on  calci- 
nation, a  result  %vhich  can  neither  be  termed  lime  nor  hydraulic 
cement,  owing  to  its  slaking  very  imperfectly,  and  not  retain- 
ing the  hardness  which  it  quickly  takes  when  iirst  placed  un- 
der waten 

M*  Vicat,  whose  able  researches  into  the  properties  of  lime 
and  mortars  are  so  well  known,  has  proposed  to  apply  the  term 
eenient  limestones  (cakmres  d  cimsnt)  to  those  stones  which, 
when  completely  calcined,  yield  hydraulic  cement,  and  which 
under  no  degree  of  calcination  will  give  hydraulic  lime.  For 
the  limestones  which  yield  hydraulic  lirae  when  completely 
calcined,  and  which,  when  subjected  to  a  degree  of  heat  insui- 
ficient  to  drive  off  all  their  carbonic  acid,  yield  hydraulic  ce- 
ment, he  oroposes  to  retain  the  name  hydraulic  limestones; 
and  to  call  the  cement  obtained  from  their  incomplete  calci- 
nation under-burnt  hydj'aulic  cement  {dnients  d'in'Cuita^j  to 
distinguish  it  from  that  obtaiued  from  die  cement  stone,  w  itli 
respect  to  those  limestones  which,  by  calcination,  give  a  result 
that  partakes  partly  of  the  properties  both  of  limes  and  ce 
ments,  he  proposes"^  for  them  the  name  of  dvvidinf  limes  {chaum 
Umites.) 

The  iermBfat  and  meager  are  also  applied  to  limes ;  owing 
tc  the  difference  in  the  quality  of  the  paste  obtained  from 
them  with  the  saine  quautity  oi  water.    The  fat  limes  give  ■ 


IS 

paste  which  is  itDctnons  both  to  the  sight  and  touch.  The  mc&ger 
linies  yield  a  thin  paste.  These  names  were  of  some  impor 
tance  when  iirst  introduced,  as  they  served  to  distinguish  com- 
mon from  hydi-avilic  liniCj  the  former  being  always  fat,  the 
latter  meager;  but,  later  experience  having  shown  that  all 
meager  limes  are  not  hydraulic,  the  terms  are  no  longer  of 
use,  except  to  designate  qualities  of  the  paste  of  limes, 

42.  Hydratilio  Limes  and  Cements.  The  limestones 
which  yield  these  substances  are  either  argiUaceoii'S^  or  mag- 
msiauj  or  argillo-m^igfieman.  The  products  of  their  calcina- 
tion vary  considerably  in  their  hydraulic  properties.  Some 
of  the  hydraulic  limes  harden,  or  set  very  slowly  under  water, 
while  others  set  rapidly.  The  hydraulic  cements  set  in  a  very 
short  time.  This  diversity  in  the  hydraulic  energy  of  the  ar- 
gillaceous limestones  arises  from  the  variable  proportions  in 
which  the  lime  and  clay  enter  into  their  composition. 

43.  M.  Petot,  a  civil  engineer  in  the  French  servdce,  in  an 
able  work  entitled  liechero/t^s  sur  la  Chau^oumefn^j  giveg 
the  following  table,  exliibiting  these  combinations,  ana  the 
results  obtained  from  their  calcination. 


':iiiM. 

Clmj, 

100 

0 

DO 

10 

80 

20, 

70 

80 

00 

4Q 

50 

50 

40 

00 

80 

70 

ao 

80 

10 

90 

0 

100 
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Very  fat  lime. 

Lime  a  little  hydraalio. 

do.    quite  hydraolio. 

do.  do. 

Plostio.  or  hydraulic  cement 
do. 

do. 

Galcareoufl  pnzzoltmo  (brick), 
do.  do. 

do.  do. 

PttMoljiiio  of  pare  day  do^ 


nistlnctlTfl  fihttrmcten  of  tba  prodaetiL 


Incapable  of  hardeziiDg  in  water. 
'  Slakes   like  pare   lime,   when 
properly  oaldnedf  and  hard- 
em  under  water. 
Does  not  alake  under  any  oir- 
cnmitonoeB,  and  hardens  nn* 
der  water  with  rapidi^. 
Does  not  dake  nor  hazden  un- 
der water^  unless  mixed  with 
a  fat  or  an  hydraulic  Ume. 
Same  aa  the  preoediny. 


44.  The  moet  celebrated  European  hydraulic  cements  are 
obtained  from  argillaceous  limestones,  which  vary  but  slightly 
in  their  conetituent  elements  and  properties.  The  following 
table  gives  the  results  of  analyses  to  determine  tlie  relative 
proDortions  of  lime  and  clay  in  these  oementa 


K.^ 


Ml 


OETII    ENGnriEEBZlfa, 


Table  of  Foreign  Hydraidtc  Cements^  ahov>ing  the  relaiim 
jproportiona  of  Ulay  and  Lime  contained  in  them. 


BngliAh,  {eommanlp  known  (U  Parker\  or  Roman  cement) 
Prenoh,  (m/ide  frum  Boulogne  pebbUt) 

Do.        {PauOfy) ,,.. 

Do.  do ••..». 

Do.       {Ba^e)    , ..*•,,.., 

HoMian.  -, * •*•••.*•• 


Uoie.  OLi^* 


55, 4Q 
5400 


44.00 
4«.00 

08.08 


$1.6878.88 

62.00  38.00 


The  hydraulic  cements  iised  in  Eitgland  are  obtained  fmin 
various  localities,  and  differ  but  little  in  the  relative  pi*ojwr- 
ticms  of  linie  and  clay  found  in  them.  Parker's  eenient,  so 
called  from  the  name  of  the  person  who  first  introduced  it,  ia 
abtained  hj  calcining  nodules  of  mjptarm.  The  composition 
of  these  nodules  is  the  same  as  that  of  the  Boidogns  pehhlee 
found  on  the  opposite  coast  of  France.  The  sUmes  which 
furnish  the  English  and  French  hydraulic  cements  contain 
but  a  very  small  amount  of  magnesia. 

45.  Aliydraulic  cement  known  as  natural  PortJmid  cenient 
is  manufactured  in  France,  at  Ik^ulogne,  where  the  stone, 
which  is  very  soft,  is  foimd  underlying  the  strata  which  fur- 
nish the  Boulogne  pebbles. 

46.  The  best  known  hydraulic  cements  of  the  United  Statee 
are  manufactured  in  the  State  of  New  York.  The  following 
analyses  of  some  of  the  hydraulic  liniestoties,  from  the  most 
noted  localitieSj  published  in  the  Geohmcal  Jieport  of  Hie 
State  of  Jfete  1  ork^  1839,  are  given  by  Dr.  Beck. 


Analyeie  of  the  MwnUue  Hydraulic  LimeHane, 

CarboQloftdd... 89.80 

Lim« 86.84 

MognedA,. 18.80 

8Uica  and  Almniiu 1B.60 

Oxide  of  iron. ,....«•••• 1.85 

Uoiffture  And  lom 1.41 

100.00 


This  stone  belongs  to  the  same  bed  which  yields  the  hy- 
drmuiic  cement  obtained  near  Kingston,  in  Upper  Canada. 


LOCIB. 


Hi 


A$ialy$t4  qf  the  GhiUenango  ITydrauUe  Idmeitom^  htfnr^ 
and  after  caldnation. 


Unbomt^ 

Boint* 

OtrlraiiiO ftioid     «•••.*  k.**«« 

25.00 

17.83 

11.70 

2.73 

1,50 

1.50 

Carbomo  add  and  moifiture.. 
Lime •■••■•• 

10,90 

T..tiim.       .•••••.■,••   *•••■•• 

99.50 

fMHfis    **1'!*".  ****"!?*'! 

Mh^obUl ...» 

SUica 

23.27 

10.56 

AlmtiifiA^ 

Aluxalna  and  oxide  of  iron. , 

10.77 

HoiMM 

100,00 

100.00 

Anafyins  of  the  Hydratdic  Limestone  from  UUter  Co,^ 
along  toe  line  of  ths  Delaware  and  Hudson  Oanal^  before 
and  after  burning. 


<  ^nbomt 

BtffgH. 

Ottrtmnic  adid,  »*,*«*•>•.*...... •.,......,,,,,. 

84.20 
25.50 
12.85 

15.37 

9.ia 

2.25 
1,20 

5 

Tim* --- 

37.60 

16.&? 

Silicft..., 

23,75 

13.40 

Ozid#  of  Iron »^     , .•«••..•«...•<• 

3  SO 

BUnminouB  matter,  Tnointnre,  and  Ions 

-  \M 

100,00 

100.00 

The  hydraulic  cement  from  this  last  locality  has  become 
generally  well  known,  having  been  successfully  uBed  for  moat 
of  the  nulitary  and  ciWl  public  works  on  the  sea-board. 

From  the  results  of  the  analyses  of  all  the  above  lime 
stones,  it  appears  that  the  proportions  of  lime  and  clay 
contained  in  them  place  them  under  the  head  of  hydraulic 
cements^  according  to  the  classification  of  M.  Petot  They 
do  not  slake,  and  mey  all  set  rapidly  under  water, 

47.  The  discovery  of  the  hydraulic  properties  of  certain 
magrnesian  limeetones  is  of  recent  date,  and  is  due  to  M. 
Yicat,  who  first  drew  attention  to  the  subject  M,  Yicat 
inclines  tc>  the  opinion  tha*"    magnesia  alone,  without  the 

Eresence  of  some  clay,  will  yield  only  a  feeble  hydmulic 
me.  He  states,  that  he  has  never  been  able  to  obtain  any 
other,  from  proceeding  synthetically  with  common  lime  and 
magnesia ;  and  that  ne  knows  of  no  wellanthenticated  In- 
stance in  which  any  of  the  dolomites,  either  of  the  primitive 
or  transition  formations,  have  jielded  a  good  hydraulic  lime. 
The  fitonefi  from  these  formations,  he  states,  ai*e  devoid  of 
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clay ;  being  very  pur©  crystalline  carbonates^  or  else  coQtain 
silex  only  in  the  state  of  fine  sand.  From  51.  Vicat's  exjieri 
men  Is  it  is  rendered  certain  that  carbonate  of  inagno&ia  iu 
combination  with  carbonate  of  lime^  in  proportion  of  40  parte 
of  the  latter  to  from  30  to  40  of  the  former,  will  produce  a 
feebly  hydraulic  lime,  which  does  not  appear  to  increase  iu 
hardness  after  it  has  once  set ;  but  that,  with  the  same  pro- 
portions, some  hundredths  of  clay  are  requisite  to  give 
nydraidic  energy  to  the  compound.  Tliia  proportion  of  clay 
M.  Vicat  siip|X>ses  may  cause  the  formation  of  triple  hydro- 
sUicates  of  lime,  alumina,  and  magnesia,  having  all  the 
characteristic  properties  of  good  hydraulic  lime, 

48,  The  hyaraulic  properties  of  the  maguesian  limestones 
of  the  Uniteci  States  were  noticed  by  Professor  W.  11.  Rogers, 
who,  in  his  Report  of  the  Oeohg-icaZ  Survm/  of  Virg-mia^ 
1838,  has  given  the  following  analyses  of  some  of  the  stouea 
from  different  localities. 


Ko.  1. 

KO.SL 

Nft.a 

No^4 

Oazboiuite  of  Umd. ,•*,•«•,**,••««•• 

55.80 

l.QO 

0.40 
0.00 

53  23 

4L0O 
0,80 

2.80 
0,40 
1.77 

48.  SO 

85.76 

1.20 

13.10 
2.73 

aoi 

55  03 

Onrbonate  of  rattgnesin •».«*«t 

24  16 

AlufuinA  and  oxide  of  iron, . ,  «• 

BOO 

W  80 

Water , 

1  20 

LoflB,,, , ••....* 

1  71 

100.00 

100  00 

100.00 

100.00 

The  limestone  No,  1  of  the  ahove  table  is  from  Sheppards- 
town  on  the  Potomac,  in  Virginia;  it  is  extensively  manu- 
factured for  hydranlic  cement.  No.  2  is  fi*om  the  Natural 
Bridge^  and  banks  of  Cedar  Creek,  Virginia ;  it  makes  a  good 
hydraulic  cement.  No.  3  is  from  New  1  ork,  and  is  extensively 
bunit  for  cement.  No.  4  is  from  LoiiisTille,  Kentucky ;  said 
to  make  a  good  cement. 

49.  M.  V  icat  states,  that  a  magnesian  limestone  of  France, 
containing  the  following  constituents,  lime  40  partes,  magnesia 
21,  and  silicia  21,  yields  a  g<:H>d  hydi-anlic  cement ;  and  he 
gives  the  following  analysis  of  a  stone  which  gives  a  good 
Dydraidic  lime. 

Carbonate  of  lime *, ,  , ,,,.     60,60 

Carbonate  of  ma^s^eala. , • . . .  • • , .    ,  43.00 

Silicla ,,,. ..^,  ,,,    ,,,..    ,,     5.00 

Alumma .«••..•...,      .     d.OO 

Oziid^  of  iron... , •••*^**.     .«     0.40 

100.00 


By  c<>mpanng  the  constituents  of  the&e  last  two  etoiieB  with 
the  analyses  of  the  cement-etones  of  New  York,  and  the  iiiag- 
ncfiiau  hydraulic  limestones  of  Prof.  Rogers,  it  will  be  seen 
that  they  consist,  respectively,  of  neai'ly  the  same  combinar 
tions  of  lime,  magnesia,  and  silica. 

Althongh  not  brought  out  in  the  analysis  of  the  preceding 
stonea,  there  is  probably  none  in  which  the  alkaline  salts  do 
not  occur,  and,  m  8<:»me,of  sufficient  araoimt  to  injure  mortar 
made  from  them,  by  their  efflorescence. 

50.  PHYSICAI.  CHARACTERS  AND  TESTS  OF  HY- 
DRAULIC LIMESTONES*  The  simple  external  characters 
of  a  limestone,  as  color,  texture,  fracture,  and  taste,  are  in- 
sufficient  to  enable  a  person  to  decide  whether  it  belongs  to 
the  hydraulic  class ;  although  they  assist  conjecture,  particu- 
larly if  the  rock,  from  which  the  specimen  is  tuken,  is  found 
in  connection  with  the  clay  deposits,  or  if  it  belong  to  a 
Btratom  whose  general  level  and  characteristics  are  tlie  same 
aa  the  ar^illo-magnesian  rocks.  These  rocks  are  generally 
some  shade  of  drab,  or  of  gray,  or  of  a  dark  gjayish-blue ; 
have  a  compact  texture ;  fracture  even  or  oonelioidal ;  with  a 
clayey  or  earthy  smell  and  taste.  Although  the  hydraulic 
limestones  are  usually  colored,  still  it  may  nappen  that  the 
stone  may  be  of  a  pure  white,  arising  fK»m  the  combination 
of  lime  with  a  pure  clay. 

The  difficulty  of  pronouncing  upon  the  class  to  which  a 
Umeetone  belongs,  from  its  physical  properties  alone,  renders 
it  necessary  to  resort  to  a  chemical  analysis,  and  even  to  direct 
experiment  to  decide  the  question, 

6L  A  prejudice  exists  among  lime  manufacturers  and 
builders  in  lavor  of  the  dark-colored  products  of  calcined 
hydraulic  limestones,  but  without  any  foundation,  so  far  as 
experiment  goes,  as  &f*jne  of  the  most  celebrated  cements  are 
light  colored.  As  a  general  rule,  a  dark-colored  material  is 
an  unfavomble  sign,  as  showing  the  presence  of  somn  foreign 
ingredient 

52-  In  making  a  complete  chemical  analysis  of  a  lime- 
stone, more  skill  in  chemical  manipulationB  is  remiisite  thmi 
engineers  usually  possess ;  but  a  person  who  has  tlie  ordinary 
elementary  knowledge  of  chemistry  can  readilv  ascertain  the 
QoantitT  of  clay  or  of  magnesia  contained  in  a  limestone,  and 
trom  these  two  elements  can  pronounce,  with  tolerable  cer- 
tainty, upon  its  hydraulic  properties.  To  arrive  at  this  con- 
sluaion,  a  small  portion  of  the  stone  to  be  tested— about  five 
diachnia — is  taken  and  reduced  to  a  powder ;  this  is  placed 
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in  fl  capbiile,  or  an  ordinary  watch  crystal,  and  alightlv  dilutoiS] 
muriatic  aeid  is  poured  over  it  until  it  ceases  to  effervesco, 
Tlie  capsule  is  then  i^eutiy  heated,  and  the  liquor  evapoi*ated, 
until  the  residue  in  the  capsule  hiw  acquired  the  con-^iBt^Jiice 
of  thin  paste.  This  paste  is  tlmjwii  into  a  pint  of  piUMi  water 
and  well  shaken  up,  and  the  mixture  is  then  filtered.  The 
residue  left  on  the  filtering  paper  ia  thoroughly  dried,  by 
bringing  it  to  a  red  heat ;  tJim  ueing  weighed  will  give  the 
clay,  or  insoluble  matter,  ooutaiued  in  tlie  stone.  It  is  import- 
ant to  a-scertaiti  die  state  of  niechatiical  division  of  the  in- 
soluble matter  thus  obtained  j  for  if  it  be  wholly  granular,  the 
fitoue  will  not  yield  hydraulic  lime.  The  granular  portion 
must  therefore  be  carefully  separated  from  the  other  before 
the  latter  is  dried  and  weigned. 

53.  If  the  surnplo  tested  contains  magnesia»  an  indication 
of  this  will  be  given  by  the  slowness  with  which  the  acid  acts; 
if  the  quantity  of  magnesia  be  but  little,  the  solution  will  at 
first  proceed  rapidly  and  thou  becouie  more  sluggish.  To 
ascertain  the  quantity  of  magnesia,  clear  lime-water  must  be 
added  to  the  tiltered  solution  as  long  as  any  precipitate  is 
formed,  and  this  precipitate  must  be  quickly  gatiierea  on  fil- 
tering paper,  and  then  be  washed  with  pure  water.  The  resU, 
due  ri'OMi  this  washing  is  the  magnesia.  It  nnist  be  thoroughlj 
dried  before  being  weighed,  to  ascertain  its  pi\»portion  to  the 
clay, 

54»  Having  ascertained,  by  the  preceding  analysis,  the 
probable  hydraulic  energy  of  the  stone,  a  Buniple  **{  it  sliould 
also  be  submitted  to  direct  experiment.  This  may  be  likewise 
done  on  a  small  scale.  A  sample  of  the  stone  must  bo  re- 
dticed  to  fragments  about  the  size  of  a  wahint.  A  crucible, 
perforated  with  holes  for  the  free  admission  of  air,  is  filled  with 
these  fragments,  and  placed  over  a  fire  sutficieutly  powerful 
to  drive  off  the  carbonic  acid  of  tlie  stone.  The  time  for 
effecting  this  wilt  depend  on  the  intensity  of  the  heat.  AVlieu 
the  heat  has  been  applied  for  three  or  four  hours,  a  small  por- 
tion of  the  calcined  stone  may  be  tried  with  an  acid,  and  the 
degree  of  the  calcination  may  be  judged  of  by  the  more  art 
less  copiousness  of  the  effervescence  that  ensues.  If  no 
effervescence  takes  place,  the  operatioii  may  be  considered 
completed.  The  calcined  stone  should  be  tried  soon  after  it 
baa  become  cold ;  otherwise,  it  should  be  kept  in  a  glass  jar 
made  as  air  tight  m  practicable  until  used. 

55.  When  the  calcined  stoue  is  t*>  be  tried,  it  is  first  slaked 
by  placing  it  in  a  small  basket,  which  is  immersed  for  fi\e  oi 
SIX  seconds  in  pure  water.      The  stone  is  emptied  from  the 


(i«aket  flo  soon  &s  the  water  has  drained  off,  and  is  allowed  tc 
i!  the  slaking  is  terminated.     This  proceisa  will  pro 
or  less  rapidly,  aceoi*diiig  to  the  quality  of  the  etoTie, 
ail]  tiii   ie^ree  of  its  calcination.      In  some  cases,  it  will  be 
,tnj[ilited  m  a  few  minutes;    in  otliers,  portions  only  of  the 
>[,  tit  will  fall  tty  powder,  the  rest  crunihhng  into  lumps  which 
&Ule  very  sluggishly ;  while  other  varieties,  as  the  tnie  cement 
gtooe«,  give  no  evidence  of  slaking.     If  the  stone  slakes  either 
completely  or  partially,  it  must  oe  converted  into  a  paste  of 
tlia  coufiistence  of  soft  i)ntty,  being  ground  up  thoruughly,  if 
jiaoeiBajy,  in  an  iron  mortar.     The  paste  is  made  into  a  cdke, 
lii4  placed  on  the  bottom  of  an  ordmary  tumbler,  care  being 
tikea  to  make  the  diameter  of  the  cake  the  same  as  that  ox 
die  tumbler.     The  vessel  is  filled  with  water,  and  the  time  of 
immersion  noted.      If  the  lime  is  only  moderately  hydraulic, 
it  will  have  bec*)me  hard  enough  at  the  end  of  fifteen  or  twen- 
ty days,  to  resist  the  pressure  of  the  linger,  and  will  continue 
to  harden  slowly,  more  particularly  from  tlie  sixth  or  eighth 
month  after  immersion ;  and  at  the  end  of  a  year  it  will  have 
acquired  the  consistency  of  hard  soap,  and  will  dissolve  slowly 
ill  pure  water*     A  fair  hydmulic  lime  ^vill  have  hardened  so 
m  to  re^t  the  pressure  of  the  finger,  in  about  six  or  eight  da}'a 
after  immersion,  and  will  continue  to  grow  harder  until  horn 
aix  to  twelve  raontlis  after  immei-svou ;    it  will  then  have  ac- 
quired tlie  hardness  of  the  softest  calcareous  stones,  and  will 
be  no  longer  s<.>lub!e  in  pure  water,     When  the  stone  is  eoai* 
neully  hydraulic,  it  will  have  become  hard  in  from  two  to  four 
days  "after  immersion,  and  in  one  muutli  it  will  be  quite  hard 
and  in54:)luble  in  pure  water;   after  six  months,  its  hardness 
will  be  about  equal  to  the  move  absorbent  calcai-eous  stones ; 
and  it  will  splinter  fi'om  a  blow,  presenting  a  slaty  fractui'e. 

As  the  hydraulic  cements  do  not  slake  perceptibly,  the  burnt 
stone  must  first  be  i-educed  to  a  fine  powder  before  it  is  made 
into  a  paste.  The  paste,  when  kneaded  between  the  Angel's, 
beeomes  warm,  and  will  generally  set  in  a  few  minutes,  either 
in  the  open  air  or  in  water.  Hydr-aulic  cements  are  far  more 
emringly  soluble  in  pure  water  than  tlie  hydraulic  lime;  and 
the  action  of  pui-e  water  upon  them  ceases,  apparently,  after 
a  few  weeks'  immersion  in  it, 

56l  Galoination  of  Iiimestone.  The  effect  of  heat  on 
lime-stones  varies  with  the  constituent  elements  of  the  stone. 
The  pure  limestones  will  stand  a  high  degree  of  temperature 
without  fusing,  losing  only  tlieir  carbonic  acid  and  water. 
The  impure  stones  containing  silica  fuse  completely  under  a 
great  heat,  and  become  more  or  less  vitrified  when  the  tern- 
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perature  miicli  exceeds  a  red  heat.  The  action  of  heat  on  Iho 
impure  limeBtoiiee,  besitiee  driving  off  their  earboiiie  aeidand 
water,  modiiiefi  tlie  relatioiiB  of  their  other  cheinieal  constitu- 
ents. The  argillaeeoas  stones,  for  example,  yield  an  insolnble 
precipitate  when  acted  on  by  an  acid  before  calcination,  but 
are  perfectly  soluble  afterwards,  unle^  the  silex  they  contain 
happens  to  be  in  the  form  of  i^raiuB. 

5T  The  calcination  cjf  the  hydraulic  limestones,  from  thcii 
fuBible  nature,  rcquirce  to  be  conducted  with  gi-eat  care  ;  for, 
if  not  pushed  far  enough,  the  under-burnt  portions  will  not 
Blake;  and,  if  carried  too  far,  tlie  stone  becomes  di^ad  or 
filuggish ;  slakes  very  slowly  and  imperfectly  at  first ;  and,  ii 
used  in  this  state  ft>r  masonry,  may  ao  injury  by  the  swelling 
which  accompanies  the  afternslakinff. 

58.  The  more  or  less  facility  with  which  the  impure  lime- 
Btoues  can  be  burned  do  pen  as  u]->on  several  causes ;  as  the 
compactness  of  the  stone,  the  size  of  the  fragments  submit- 
ted to  heat,  and  the  presence  of  a  current  of  air,  or  of  aque- 
ous vapon  The  more  compact  stones  jield  their  carbonic 
acid  less  readily  than  those  of  an  opposite  texture.  Stones 
which,  when  broken  into  very  small  lumps,  can  be  calcined 
under  the  red  heat  of  an  ordinary  fire  in  a  few  hours,  mtU  re- 
quire a  far  greater  degree  of  temperature,  and  for  a  much 
longer  peri(»d,  when  broken  into  fragments  of  six  or  eight 
inches  in  dianteter.  This  i^  particularly  the  case  witli  the  im- 
pure limestones,  wbich,  when  in  large  lumps,  vitrify  at  the 
surface  before  the  interior  is  thoroughly  burnt. 

59»  K  a  current  of  vapor  is  passed  overtlie  stone  after  it  has 
commenced  to  give  off  its  carbonic  acid,  the  remaining  por- 
tion of  the  gas  \vlMcb,  under  ordinary  circumstancee,  is  expelled 
with  great  diflicuUy,  particularly  near  the  end  of  the  process 
of  calcination,  will  be  carried  orf  much  sooner*  The  intluence 
of  an  aqueous  current  is  attributed,  by  M.  Gay-Lussac,  purely 
to  a  mechanical  action,  by  remmdrig  tiie  gas  as  it  is  evolved, 
and  his  experiments  go  to  show  that  a  like  effect  is  produced 
by  an  atmospheric  current.  In  burning  tlie  impure  lime- 
stones, however,  an  aqueous  current  pi-oduces  Uie  farther 
beneficial  effect  of  preventing  the  vitrification  of  the  sUmQ 
when  the  temperature  has  become  too  elevated ;  but  as  the 
vapor,  on  commg  in  contact  with  the  heated  stone,  carries  off 
a  large  portion  of  the  heat,  this,  together  with  the  latent  heat 
cont-aiued  in  it,  may  render  its  use  in  suine  cases  far  from 
economical. 

60.  Wood,  charcoal,  peat,  the  bituminous  and  the  anthra- 
cite coals  are  used  for  niel  in  lime-burning,    M-  Vicat  states^ 
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tliAt  wood  18  the  best  fuel  for  burning  hydmalic  limoetonea ; 
that  charcoal  is  inferior  to  bitmninous  coal  \  and  that  tlae  re 
6ultd  from  this  last  are  very  uncertain.  When  wcxxl  is  used, 
it  should  be  dry  and  split  up,  to  bui-u  qiiicklv  and  give  a  clear 
blase.  The  common  opinion  among  lime-Duruei's,  that  the 
greener  the  fuel  the  better,  and  that  the  limestone  should  be 
watered  before  it  is  placed  in  the  kiln,  is  wrong ;  as  a  large 
portion  of  the  heat  ie  consumed  in  converting  the  water  in  both 
casee  into  vapor.  Coal  is  a  more  economical  fuel  than  wood, 
and  IB  therefore  generally  preferred  to  it;  but  it  requires 
particular  care  in  ascertaining  the  proper  quantity  for  ubo. 


in 


LOCK  KILN6. 

LIME  KXLNS.  Great  diversity  is  met  with  in  the  forms  and 
proportiouB  of  lirae-kilns.  ^Vhei'ever  attention  has  been  paid 
to  economy  in  fuel,  the  cylindrical^  avovlal^  or  the  inverted 
c^iical  form  has  been  adopted.  The  two  first  being  preferred 
for  wood  and  the  last  for  coaL 

6L  The  whole  of  the  burnt  lime  is  either  drawn  from  the 
kiln  at  once,  or  else  the  burning  is  so  regulated,  that  fresh 
stone  and  fuel  are  added  as  the  calcined  portions  are  with- 
drawn. The  latter  method  is  usually  followed  when  the  fuel 
used  is  cc»aL  The  stone  and  coal,  broken  into  proper  sizes 
(Pig*  1),  and  in  proportions  determined  by  experiment,  are 
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placed  in  the  kiln  in  alternate  layers ;  the  coal  is  ignited  at 
uie  bottom  of  the  kiln,  and  fresh  strata  are  added  at  the  top, 
as  the  burnt  mass  settles  down  and  is  partially  withdrawn  at  the 
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bottom.     Kilns  UBed  in  this  w&y  sre  csMed  j>ery>etnai  Hlna  ; 

t]ioy  aro  ri>ore  eoonomical  in  tae  coiifiiiruptit>n  of  fiiel  than 
tli(»se  in  which  the  biinung  is  intermitted,  and  which  ai-e,  on 
thin  aecouut,  termed  intermitimU  kilns.  Wood  may  aIbo  he 
used  ae  fiiel  in  perpetual  kilns ;  but  not  with  such  economy 
m  coal ;  it  moreover  presents  many  inconveniences,  in  sup- 
plying the  kiln  with  fresh  stone,  and  in  regulating  its  dis- 
charge. The  inverted  conical-shaped  kiln  is  generally  adopted 
for  coal  J  aud  the  ovoidal-^haped  for  wood- 

62,  Some  cai*e  is  requisite  in  filling  the  the  kiln  with  stone 
when  a  wood  iii^e  is  used-    A  dome  (Fig.  2)  is  formed  of  the 
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largest  blocks  of  the  broken  stone,  which  either  rests  on  the 
bottum  of  the  kiln  or  on  the  ash-grate.  The  lower  diameter 
of  the  dome  is  a  few  feet  less  than  that  of  the  kiln  j  and  its 
interior  is  made  sufticiently  cajmcious  to  receive  the  fuel  which, 
r^iit  into  short  lengths,  is  placed  up  endwise  around  the  dome. 
The  stone  is  placed  over  and  around  the  eoiu-ses  which  form 
the  dome,  the  larK:est  blocks  in  the  centre  of  the  kihi.  The 
mana«j;ement  of  the  tire  is  a  matter  of  experiment.  For  the 
fii-st  Cii^jht  or  ten  hours  it  shnnld  be  carefully  regulated,  in  or- 
der to  liring  the  stone  gradually  to  a  red  heatt  By  applying 
a  high  heat  at  first,  or  by  any  sudden  increase  of  it  until  the 
mass  has  reached  a  nearly  uTufi»rm  temperature,  the  stone  is 
apt  to  shiver,  and  choke  the  kilu,  by  stoi^ping  the  voids  be- 
tween the  courses  of  stone  which  form  thti  dome.  After  the 
stone  is  broudit  to  a  red  heat,  the  sujiply  of  fuel  should  be 
uniform  untiT  tJie  end  of  the  calcination.  The  practice  some- 
times adopted,  of  alrating  the  tire  towards  the  end,  is  bad,  aa 
the  last  portions  of  carljiinic  acid  retained  by  the  Btt>ne,  require 
a  high  degree  of  heat  for  their  expulBitni.  The  indications  of 
complete  calcination  are  generally  manifested  by  the  difninu- 
Uon  which  gradually  takes  place  in  the  mass,  and  which,  at 
this  stage,  is  about  one  sixth  of  the  primitive  volume ;  by  tlje 
broken  appearance  of  the  stone  wtich  forms  the  dome,  tJie 
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mterstices  between  which  being  also  choked  np  byfragraenta 
uf  the  biinit  stone ;  and  by  the  ease  with  wliich  an  ii*on  bar 
may  be  forced  down  through  the  burnt  stone  in  the  kiln. 
When  these  indications  of  complete  calcination  are  observed, 
the  kihi  should  be  closed  for  ten  or  twelve  hours,  tx>  confine 
the  beat  and  finish  the  burning  of  the  upper  strata. 

63.  The  form  and  relative  dimensions  oi  a  kiln  for  wood  can 
be  detennined  only  by  careful  experiment  If  too  gi*eat 
height  be  gi\'en  to  the  mass,  the  lower  portions  may  be  over- 
bumed  before  the  upper  are  burned  enough.  The  propor- 
tions between  the  height  and  mean  horizontal  section,  will 
depend  upon  the  tcxtiu'e  of  the  stone ;  the  size  of  the  frag- 
ments into  which  it  is  broken  for  burning ;  and  the  more  or 
less  facility  with  which  it  vitrifies.  In  the  memoir  of  M. 
Petot,  ab-eady  cited,  it  is  stated  as  the  result  of  experiments 
made  at  Brest,  that  large-sized  kilns  are  more  economical,  both 
in  the  consumption  of  xuel  and  in  the  cost  of  attendance,  than 
amall  ones ;  but  that  there  is  no  notable  economy  in  fuel  when 
the  mean  horizontal  section  of  the  kiln  exceeds  sixty  square 
Feet 

64.  The  circnlar  seems  the  most  suitable  form  for  the  hori- 
contal  sections  of  a  kiln,  botli  for  strength  and  economizinii 
tlie  heat.  Were  the  serrtion  the  same  throughout,  or  the  form 
-yf  the  interior  of  the  kiln  cylindrical,  the  strata  of  stone, 
above  a  certain  point,  would  be  very  impej^fectly  burned  when 
the  lower  were  enough  so,  owing  to  the  rapidity  with  which 
the  inflamed  gases,  arising  from  the  combustion,  ai-c  cooled  by 
ooming  into  contact  with  the  stone.  To  prt^cure,  therefore,  a 
tempei-ature  thi-oughuut  the  heated  mass  which  shfiU  be  nearly 
unifonn,  the  horizontal  sections  of  the  kiln  should  gradually 
decrease  from  the  point  where  the  flame  riseSj  wlu'ch  is  near 
the  top  of  the  dome  of  broken  stone,  to  the  top  of  the  kiln. 
This  contraction  of  the  horizontal  section,  from  the  bottom 
upward,  should  not  be  made  too  rapidly,  as  the  draft  would 
be  injured,  and  the  capacity  of  the  kiln  too  rtuch  diminished; 
and  in  no  case  shtnild  the  areaof  tlie  top  openmg  be  less  than 
about  one  fourtli  the  area  of  the  section  taken  near  the  top  of 
the  dome*  The  best  manner  of  arranging  the  aides  of  the  tiln, 
in  the  plane  of  the  longitudinal  setttion,  is  to  connect  the  top 
'>peniug  with  the  horizontal  section  through  the  top  of  the 
dome,  by  an  arc  of  a  circle  whose  tangent  at  the  lower  point 
shall  be  vertical. 

65.  Lime-kilns  are  constnicted  eitlier  of  brick  or  of  some 
of  the  more  refractory  stones.  The  walla  of  the  kiln  should 
be  sulBciently  tlii^k  to  confine  the  heat,  and,  when  the  localitt 
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admits  of  it  they  are  built  into  a  side  hill ;  otherwise,  it  may 
be  necessary  to  use  iron  hcx>m,  and  vertical  bars  of  iron,  to 
Btrengthen  the  brick-work.  The  interior  of  the  kiln  shoiihl 
be  faced  either  with  good  fire-hrick  or  with  fire-etone* 

66.  M-  Petot  prefers  kilns  an-anged  with  fire-grates,  and  an 
ash-pit  nnder  the  dome  of  broken  stone,  for  the  reason  that 
they  give  the  means  of  better  regulating  the  heat,  and  of 
throwing  the  flame  more  in  the  axis  of  the  kihi  than  can  be 
done  in  KihiB  without  them.  The  action  of  the  flame  is  thus 
more  imifornily  felt  thn:)Ugh  the  mass  of  stone  above  the  top 
of  the  dome,  while  that  of  the  radiated  heat  upon  tlie  stone 
around  the  dome  is  also  more  uniform, 

SI,  M.  Petot  states,  that  the  height  of  the  mass  of  stone 
above  the  top  of  the  dome  should  nut  be  greater  than  from 
ten  to  thirteen  feet,  depending  on  the  more  or  leas  oomnact 
texture  of  the  stone,  and  the  more  or  less  ease  with  which  it 
vitrifies.    Ho  proposes  to  use  kilns  with  two  stories  (Fig.  3), 


Fiff.    S  f^miMita  •  vwtleal  Mottos 

Ummvb  bb*  ftxts  Md  cvntrvlUMol 

the  eotnnoe  of  «  UtD(»'kllD  with  tvo 

^Unrim  tar  wood, 
A^  «£illd  mMonrj  itt  tho  ktln. 
B,  ilomo  Ahown  by  tho  cIuLUnI  Ut>*. 
C  interior  of  Isirvff  «torx. 
n,  domt  of  impmr  tboffy* 
B«  iatnlor  of  tipp«  ilacyt 
a,  ATohad  miamaao  to  klfa. 
5,  noeptAcle  for  waUt  to  fiimi«h  ft  ems 

mit  of  B/qoooni  vnfor. 
1^  doorway  for  dranHng  kUnu  "t^  •  cAmmI 

by  »  flro^ppoof  door* 
4,  ft«h-plt  Qndcr  Unvginibe. 
t,  Dpp«r  doorWMj  for  dmwli^r  lila,  •!& 


for  the  purpose  of  economizing  the  fuel,  by  using  the  heat 

which  passes  off  from  the  top  of  the  lower  story,  and  would 
otherwise  be  lost,  to  heat  the  stone  in  the  upper  story ;  this 
story  being  arranged  with  a  side-door,  to  iiitn>auce  fuel  under 
its  dome  <3  broken  stone,  and  complete  the  calcination  when 
that  of  the  stone  in  the  lower  story  is  finished. 

M.  Petot  gives  the  following  general  directions  for  regulat- 
ing the  relative  dimensions  of  the  parts  of  the  kiln.  The 
greatest  horizontal  section  of  the  kiln  is  placed  rather  l/elow 
tne  top  of  broken  stone ;  the  diameter  or  this  section  being 
1.82,  tno  diameter  of  the  grate.     The  height  of  the  dome 
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iibc^ve  the  pute  is  fi ora  3  to  6  feet,  according  to  the  auantity 
of  fuel  to  be  coiiaiimed  hourly.  Tlie  l)Ottoin  of  the  icihi,  nn 
which  the  piera  of  the  dome  rest,  is  from  4  to  6  inclica  above 
the  top  of  the  grate ;  tlie  diameter  of  the  kihi  at  this  point 
beij\g  about  2  feet  9  inches  greater  than  that  of  the  grate. 
The  diameter  of  the  horizontal  section  at  top  is  0,63  the  di- 
ameter of  the  greatest  horizontal  section.  The  horizontal  sec* 
tioiis  of  the  kifii  diminish  from  the  section  near  tlie  top  of  the 
dome  to  the  top  and  bottom  of  the  kilu ;  the  sides  of  the  kihi 
receiving  the  form  diown  in  Fig.  3 :  the  object  of  contracting 
the  kihi  towards  the  bottom  being  to  allow  the  stone  nc-ar  the 
bottom  to  be  thoronghly  burned  by  the  radiated  heat.  The  grate 
IB  formed  of  cast-iror.  bai^s  of  the  nsnal  form,  the  area  of  the 
spacer  betwen  tlie  bars  being  one  fourth  the  total  area  of  the 
grate.  The  bottom  of  the  ash-pit,  which  may  be  on  the  eame 
level  aa  the  exterior  ground,  is  placed  18  inches  below  the 

f^rate;  and  at  the  entrance  of  the  ash-pit  is  placed  a  reservoir 
or  water,  alK>ut  18  inches  in  depth,  to  funiiah  an  aqueous 
current.  The  diuft  thi-ough  the  grate  is  regulated  by  a  latei^l 
air  diannel  to  the  ash-pit,  wliich  can  be  totally  or  partially 
fthot  by  a  valve ;  the  area  of  the  cross  section  of  this  channel 
is  one  tenth  the  total  area  of  the  grate.  A  squai-e  opening, 
16  inches  wide,  the  bottom  of  which  is  on  a  level  wiui 
the  bottom  of  kiln,  leads  to  the  dome  for  the  supply  of  the 
fueL  This  opening  is  closed  with  a  fire-proof  and  air-tight 
door. 

In  arranging  a  kiln  with  two  stories,  M.  Petot  states,  that 
the  gmtes  of  the  upper  story  aj'e  so  soon  destroyed  by  the 
bcAt,  that  it  is  better  to  suppress  them,  and  to  place  the  foel 
for  completing  the  calcination  of  the  stone  ot  this  story  on 
the  top  of  the  burnt  stone  of  the  lower  story. 

68.  Lime  burning  has  become  a  special  bmnch  of  industry 
in  the  United  States,  in  which  a  large  amount  of  capital  u 
embarked,  so  that  the  engineer  has  now  no  other  concern  in 
the  manufacture  of  this  materia!  than  to  be  able  to  test  and 
select  from  the  samples  offered  him  to  suit  the  application  he 
intends  making  of  his  material. 

69.  There  are  two  principal  classes  of  lime-kilus  employed 
by  the  manufacturers  of  lime  in  the  United  States.  These 
vary  but  little  from  each  other  in  form  and  dimensions  in  the 
localities  in  which  they  are  used  throughout  the  country. 

70.  The  first  class'  belongs  to  the  peipetual  kilnSj  the 
stone  and  fuel,  which  is  nsually  bituminous  or  anthracite  coal, 
being  olaced  in  the  kiln  in  alternate  I  ers,  in  proportions 
pointeaoutby  experience,  which  is  fed  m  like  manner  at  the 
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top  M  the  caldncd  «toiie  ie  gradually  drawn  out  at  the  bottoiiL 
In  ftoirut  C'JWUCH  tht?  cimmher  of  thedc  kilnd  is  simply  an  invert- 
ed fr  jBtura  of  A  cone  in  form. 


fli,  4  reprsMnta  ft  MOtfentliniQfdi  tlw  «d«  of  Kte 
Mipitiua  ItofrlrflQs  la  ordiaair  om  to  thv  Unil^ 
HMmflorooalMelM  toU. 

A,  boAy  of  tbe  tEttn. 

B^  thlml>K  m  htvtr  trvuetm. 

Oi  D,  dnw  tHi. 

y,  ^wdy  <^  (^(M  imunorf . 


71.  In  otherfi(Fip.4)the!x:)dyor  upperportion of tlie chamber 
IB  cylindrioal,  whiiBt  the  lower  portion  is  an  inverted  conical 
fniBfnm,  the  two  surfaces  being  nnited  by  an  annular  one 
tangent  to  each. 

72.  The  ftecond  class  ia  the  flnme  or  furnace  kihi.  In  this 
the  stone  placed  in  the  chamber  of  the  kiln  m  calcined  by  the 


combimtion  of  the  fiiel,either  w<x>d  or_coal,  jilaced  infiiniacea 

cla 
either  as  intermittent  or  perpetual  kilns. 


near  tlie  bottom  of  tJie  chamber.     This  claes  may  be  naed 


73.  In  both  cUisf^ea  the  stone  for  burning  is  brf*ken  into 
lamps,  none  of  which  should  be  over  eight  niches  in  size  in 
any  direction.  In  the  selection  of  the  mmps  great  care  and 
experience  are  i-equired  on  the  part  of  the  kiln  attendants,  in 
araer  to  obtain  a  product  of  unifonn  quality,  as  admixtures 
of  et-ones  varying  m  any  important  degree  in  their  conBtitnent 
elementu,  paiticularly  in  those  of  hydraulic  limestones,  may 
•o  vitiate  tlie  results  as  to  render  them  useless  for  hydraulic 
•tnictures. 

74,  In  others  they  are  formed  of  the  frusta  of  two  conical 
sur fares,  us  Rhcnm  by  the  dotted  lines  a  hy  c  d^  united  at 
their  larger  bases  (Fig.  4). 

The  diameter  a  e  or  the  thimble  varies  from  eight  to  ten  feet ; 
the  diameter  at  the  bott<un  from  eighteen  inches  to  three 
feet ;  the  height  oi  the  thimble  from  seven  to  ten  feet.  The 
apptjr  diameter  of  the  body  of  tlie  kiln,  if  conical,  is  about  a 
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f(X>tlefia  than  the  lower  ;  if  cvliiidntal,  the  ftaiiicaB  the  lower 
The  lieii*ht  of  the  hody  fixjrn  twehe  tc»  twenty  feet.  The 
draw  diMjrfrorii  eighteen  iiiciiuB  to  three  feet.  1  he  height  of 
the  draw  pit  uiiio  feet 

The  huilj  A  of  the  njasourj'  is  Bonietimee  rectangular  aud 
eometiinefi  circular  in  plan,  and  about  bix  fe€t  in  tJikknees. 
It  is  gecured  oii  the  outi>ide  either  by  stripe  of  wood  let  into 
the  masonry,  or  by  iron  curbs.  The  lining  of  the  kiln  ie  of  the 
beet  fire-brick. 

The  kiln,  for  buniine,  is  filled  with  altenmte  layers  of  coal 
and  stone,  those  of  tlio  Tatter  Jiot  exceeding  six  inches  in  thick- 
ness. The  fire  is  started  fmiii  beneath,  witli  th-y  w^ood.  The 
drawing  of  the  kiln  is  done  two  or  three  times  every  twenty- 
four  honrs. 

75.  The  peruetual  draw  water-Jlame  kilns,  for  bovh  coal  and 
wood,  patentea  by  Mr.  C.  D*  Page,  of  Eochester,  New  York, 
have  met  with  very  general  favor  in  our  large  lime  burning 
localities. 

The  cupola  w^hich  contains  tlie  burning  lime,  it  will  be  seen, 
is  chieHy  cylindrical,  being  terminated  at  top  and  bottom  by 
conical  frusta. 

The  cup^jla  space  issix  by  eight  feet  between  the  main  walls 
A  A.  The  main  walls  from  out  to  out  are  eighteen  by  twenty 
feet  at  the  liase  of  the  kiln ;  fifteen  b}'  sixteen  feet  at  the  top ; 
and  forty  feet  hi^h.  The  main  walls  are  strengthened  as  usual 
with  timber  curbs.  The  wooden  crib  at  top,  which  is  6tR>ng' 
Iv  boarded  to  the  height  of  four  feet,  serves  as  a  reservoir  for 
the  raw  stone. 

Thia  kiln  receives  its  name  from  the  coal  being  fii-st  placed 
in  pans  of  hi^t  water,  the  steam  fnun  which  being  decompt>8ed 
facilitates  the  process  of  burning  by  the  decomposition  of  the 
steam. 

76.  HoflTman  Kiln.  General  Q.  A.  Gillmore,  of  the  Uni- 
ted States  Corps  of  Engineers,  to  whom  the  pmfession  is 
already  so  much  indebted  for  his  researches  on  the  limes  and 
cements  in  the  United  States,  has  given  in  his  recent  pam- 
phlet, No.  19,  Professiiynal  Papers^  CWj>8  of  Engin^erSyV  S 
Army^  an  accmmt  of  what  is  known  as  the  Hoffman  Kihij 
of  wiiich  the  f  oUownng  is  a  brief  description  v — 

This  kiln  (Figs.  8,  9,  10,  11)  consiBts  of  an  annular  arch,  A j 
A',  the  plan  of  which  may  be  a  circle,  an  oval,  or  as  in  Fig. 
8  The  height  ai  the  arch  being  fr*:jni  eight  to  i Jne  feet,  and 
gpani  from  ten  to  twelve  feet ;  the  middle  line  of  the  chamber 
A  nieasuring  one  hundred  and  fifty  feet.  This  void  space  ii 
tunned  the  onrnitiff  chamber. 


imx^EiLiis 


rhe  ebiinnej  O,  C  (Figs.  10, 11)  may  b^and  in  the  central 
space  B,  B',  or  exterior  to  the  kihi.  In  the  latter  case  a  srauke 
flue  leads  to  it  under  the  hurniiig  chamber.  Fourteen  radial 
flues  lead  from  the  burning  chambeii9  to  the  smoke  chamber, 


Pig.  8, 


e-i 


Ftc^U. 


Pig.  10. 


B 


TIf.  a  Hlavta»ta]  teceioci  of  kiln  oq  A  B^  Flff«  9. 

FIff.  9.  Yerticml  Bact^on  on  C  D»  Fig.  a 

Vlg.  lOl  KlefttHofi  of  chlnm«y, 

Ffg.  tl.  8ec«kia  of  chimney  mi  k  B,  Fig.  10. 

Jl,  A',  Bttmlog  chuab«r. 

Bh  B't  SiOioktt  cluuabtr, 

C  C»  Chlmnaj. 

D,  Jioavtnjn, 

m^hf  LUoe^feoaa in proooBi of  Iwralng. 

Ai  e,         do.  do.       of  eoallQg, 

e,  4         da  da       of  drmrtn^ 

d;  4,        do.  dck.       of  Mtdng  upu 

«,/,  do.  da       of  dfTtag. 

fa,         do.  dok       of  teklQg  op  wui*  h« 


ea^  having  a  bell-ehaped  damper,  which  can  be  opened  oi 
dosed  at  pleasure.  There  are  fourteen  arched  doors,  D,  D, 
Cbrough  the  outer  wall,  each  five  feet  high,  and  four  feet  wide. 
The  arched  top  of  the  burning  chamber  is  pierced,  at  inter 
^8  of  three  or  rour  feet,  with  holes,  five  inches  in  diameter^ 
tdrmed  feed*holes,  thrt>ugh  which  fnel  is  supplied  to  the  fires. 


ciTiL  orocfxsRnra. 


Tlicy  are  in  namber  alx^nt  tliree  hundred^  each  cloeed  with 
a  bell-Khaped  cover  fitting  over  a  rim  or  curb,  aud  dlppLu|2 
into  fiand. 
T^  ^  structure  is  of  solid  stone  or  brick  masourj,  and 

Tiie  I  hamber  is  lined  with  fire-brick  for  buniing 

li^'ilrufili'  if. 

77.  Calolnallon  of  the  stone. — Wlien  the  kiln  u^  in  opera- 
tion all  the  doorways  (Fig*  fcJ)  numbered  from  1  to  14^,  from 
left  to  right  are  kept  el«j6ed  mitA  temporart/  hrickw&rk^  ex 
cept  two  or  three.  Let  tlie  open  ones  be  1  and  2.  The 
btinit  lime  ii  drawn  fi'ora  No,  2,  and  raw  Btr)ne  taken  in 
at  No.  1  and  pil6<l  np  in  the  buniing  diamljer,  leaving 
vortical  openings  under  the  feed  holes,  and  horizontal  onei 
\n\i\vT  ihi^  mnm  for  the  circulation  of  air  around  the  pcripherjr 
of  the  burnhig  chamber. 

When  the  kiln  ia  going,  all  the  corapartmentB  but  two, 
between  ei4ch  two  consecutive  d'XirwavB,  are  lillcd  with  Btone, 
in  all  etagefl,  fToni  the  mw  to  thoroughly  calcined. 

**  SuptKJse  compartment*  1  and  2  empty,  and  all  the  others 
fiUed,  No. 3  contains  cement  from  etone  put  in  12  days  ago; 
No.  4  that  from  Btone  put  in  11  days  ago ;  and  so  on  around 
to  compartment  14,  which  waa  filled  yesterday.  Separating 
No.  14  from  No.  1  iB  a  sheet  iron  partition,  m  nearly  as  pt>s 
Bible  air-tight.  This  partition,  r!alled  the  cut-qf,  m  movable. 
Yesterday  it  was  between  13  and  14;  to-morrow  it  \vill  be 
between  1  and  2,  and  m  on,  being  moved  o!i  one  compart* 
mcnt  each  day.  All  the  dampej-s  are  cKibed  to-day  except 
No.  14;  yesterday  all  were  closed  except  No.  13;  ti>mornjw 
only  No.  1  will  he  o[ien.  Tu-day  rrjen  are  removing  burnt 
cement  from  compartment  No.  2,  and  others  are  setting  raw 
stone  in  compartment  No.  1.  YcsierdHy  they  were  setting 
stone  in  No.  14,  and  removing  cement  from  No.  1.  To- 
morRiw  they  will  be  removing  eement  from  No.  3,  and  filling 
No.  2  with  raw  stone ;  so  that  every  day  the  setting,  drawiug, 
cut-off,  and  open  damper  advance  one  eumpartnient.  The 
fires  are  in  the  centi-c  of  tJie  mass,  from  the  btirrit  c*emcnt  end 
round  to  the  raw  stone  end ;  say  in  compartments  7  and  8 
to-day,  6  and  7  yesterday,  8  and  9  to-morrow,  advancing  one 
compartment  per  day,  like  the  drawing  and  setting. 

"  The  compartment  that  was  in  fire  yesterday,  say  No.  C,  li 
still  very  hot  to-day,  No.  5  less  hot,  No.  4  co<jler,  and  so  on  to 
No.  2,  where  the  cement  is  cool  entjugh  to  he  liandled,  and 
men  are  removing  it  from  the  kiln,  wheelharrows,  or  trucks 
on  portable  railway  tracks,  being  used  for  the  purpose. 
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"  The  conipartmente  not  yet  fired  are  heated  by  tht  hoi 

gaees  passing  through  them  to  the  chimney,  the  stone  in  the 
compartment  next  the  fire  being  at  a  full  red  heat,  whi*i« 
that  farthest  ofl,  which  was  put  in  yesterday,  is  only  warm. 

"  The  draught  of  the  chinjney  i&  eufficient  to  draw  air  in  at 
the  open  doorways,  through  the  entire  mass  of  cement  and 
raw  stone,  Uj  the  open  flue,  which  is  the  one  by  the  cutoff. 

**In  passing  thruugh  the  burnt  cement  the  air  taket*  up  the 
residue  of  heat  and  becomes  hotter  and  hotter,  till,  after  pa&- 
shw  thn>ugh  the  cement  burned  yesterday,  the  hot  current 
ignites  at  nncc  the  dust  coal  as  it  falls  fiom  the  feed  pipes, 
^  and  the  gases  thus  fonned  being  carried  on,  mixed  mth  air, 
it  h  probable  tJie  stone  is  burned  considerably  in  advance  of 
where  the  coal  is  supplied. 

**  As  tlie  hot  gases  of  comlmstion  pass  on,  they  ffive  np  their 
heat  to  the  limcBtiaie,  till,  on  amvmg  at  the  ehnnney,  there 
is  only  heat  enough  remaining  to  cause  a  draught  in  a  well- 
constructed  chimney  140  to  150  feet  in  height.  It  is  plain 
that  aU  the  heat  of  combustion  is  utilized,  exeeot  such  as  may 
escape  throngh  the  wmlls  of  the  kihi,  and  as  the  masonry  is 
verv  mapsive,  the  loes  from  this  cause  is  very  slight. 

*^Oi»e  peculiar  featui'e  of  these  kihis  h,  that  although  less 
likely  ti)  get  out  of  order  than  other  kihis,  from  the  fact  that 
tJiei-e  is  no  movement  in  the  burning  mass,  i^epairs  may  be 
easily  made  %vithout  letting  the  fire  go  down. 

'*  There  are  Iloffraan  Idlns  in  which  the  tires  have  not  been 
extinguished  for  five  yeai*s/* 

78.  Methods  of  reducing  the  oedcined  stoae  to  po^w- 
der. — The  calcined  stone  may  be  reduced  to  i»owder,  either 
by  a  chemical  or  meehankal  process.  By  tlie  fii-st,  water 
combines  with  the  lime,  forming  a  hydrate  of  lime,  which 
process  is  termed  daking.  By  the  second  the  calcined 
stone  is  fii-st  broken  into  small  lumps  ;  these  are  tlien  ground 
in  a  mill  to  the  requisite  degree  of  fineness,  ascertained  by 
the  sieves  through  which  the  gronnd  product  must  pass. 

79.  Slaking. — This  may  be  done  in  three  ways : 

By  pouring  sufficient  water  on  the  burnt  stone  to  convert 
the  slated  lime  into  a  thin  paste,  which  is  teimed  drowning 
the  bine. 

By  placing  the  bnmt  stone  in  a  basket,  and  imTnersing  it 
for  a  tew  seconds  in  water,  during  which  time  it  will  imbibe 
enough  water  to  cause  it  to  fall,  by  slaking,  into  a  dry  pow- 
der; or  by  sprinkling  the  burnt  stone  with  a  sufficient  qiian* 
Itty  of  water  to  pixxlnce  the  same  effect. 

By  allin^ing  the  stone  to  slake  spontancK>usly,  fr<:>m   the 
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nioistiire  it  imbibee  from  tlie  atmosphere,  which  is  termed 

80.  Opinion  aeemB  to  be  settled  among  engineeiB,  that 
drowning  is  the  worst  method  of  filaking  lime  which  is  to  be 
used  for  mortars.  When  properly  done,  however,  it  producea 
a  finer  paste  than  either  oi  the  other  methods ;  ana  it  may 
therefore  be  resorted  to  whenever  a  paste  of  this  character,  or 
a  whitewash  is  wanted.  Some  care,  however,  is  requisite  to 
produce  this  result.  The  stone  shonld  be  fre^hfmm  the  kibi, 
otherwise  it  is  apt  to  slake  into  lumps  or  fine  grit.  All  the 
water  used  should  be  ponred  over  the  stone  at  once,  which 
ehould  be  arranged  in  a  basin  or  vessel,  so  that  tlie  water  sur- 
rounding it  may  be  gradually  imbibed  as  the  slaking  proceeds. 
If  fresh  water  be  added  during  the  slaking,  it  checks  the 
prcjcess,  and  causes  a  gritty  paste  to  form. 

81.  In  slaking  by  ioimei'su^n,  or  by  sprinkling  with  water, 
the  stone  should  be  reduced  to  small-sized  f  ragmeuta,  other- 
wise the  slaking  will  not  proceed  uniformly.  The  fat  limea 
should  be  in  lumps,  about  the  size  of  a  walnut,  for  immersion ; 
and,  when  withdrawn  from  the  water,  should  be  placed  im- 
mediately in  bins,  or  be  covered  with  sand,  to  confine  the 
heat  and  vapour.  If  left  exposed  to  the  air,  tlie  lirne  bec<*mes 
chilled  and  separates  into  a  coarse  grit,  which  fakes  some  time 
to  slake  thoroughly  when  more  water  is  added.  Sprinkling 
the  lime  is  a  more  convenient  pixxjess  than  immersion,  and  is 
equally  g^K>d.  To  effect  the  slaking  in  this  way,  tlie  stone 
should  be  broken  into  fragments  of  a  suitable  size,  which  ex- 
periment wifl  determine,  and  be  placed  in  suuill  heaps,  sur- 
rounded by  sufficient  sand  to  cover  them  up  wheii  the  slaking 
is  nearly  completed.  The  stone  is  then  sprinkled  with  about 
one  fourth  ita  bulk  of  water,  jXT^ured  through  the  rose  of  a 
watering-pot,  those  himps  which  seem  to  slake  most  sluggishly 
receiving  the  most  water;  when  the  process seeius comiiloted, 
the  heap  is  carefully  covered  over  with  the  sand,  and  allowed 
to  remam  a  day  or  two  before  it  is  used. 

82.  Slaking  either  by  immersion  or  by  sprinkling  ia  oon- 
eidered  the  best.  The  quantity  uf  water  imbibea  by  lime 
when  slaked  by  immersion,  varies  with  the  nature  of  the  lime  ; 
100  parts  of  fat  lime  will  take  up  only  IS  parts  of  water;  and 
the  same  quantity  of  meager  lime  will  imbibe  from  20  to  35 
parts.  One  volume,  in  powder,  of  the  burnt  stone  of  rich  lime 
yields  from.  1.50  to  1.70  in  vobime  of  powder  of  elaked  lime, 
while  one  volume  of  meager  lime,  unaer  like  circumstanceftj 
will  yield  from  1.80  to  2.18  in  volume  of  slaked  lime. 

83.  Quick  lime,  when  exposed  to  the  free  action  of  the  air 
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m  a  dry  locality,  slakes  slowly,  by  imbibing  nioistupe  from 
the  atun>sphere»  wnth  a  slight  disengagement  uf  h^at  Opiniou 
B€eins  to  be  divided  with  regard  to  the  effect  of  this  method 
of  slaking  on  fat  Mines.  Some  assert,  that  the  mortar  made 
from  them  is  better  than  that  obtained  fn»m  any  other  process, 
and  attribute  this  result  to  the  re-con versiun  of  a  portion  of 
the  slaked  lime  into  a  carbcjnate ;  others  state  the  reverse  to 
obtain^  and  assign  the  same  cause  for  it  With  regard  to 
hydraulic  limes,  all  agree  that  they  are  greatly  injurea  by  air- 
slaking. 

84.  uhen  the  slaking  is  imperfect  and  is  owing  as  in 
most  cases  to  the  stone  naving  been  unequally  hnmed,  the 
lime  should  l>e  reduced  to  a  paste  in  a  mortar  mill  that  will 

frind  fine  all  the  lumps.     This  is  particularly  necessary  in 
ydraulic  limes,  which  are  also  impi*oved  in  energy  by  this 
reduction  of  the  nnderburaed  lumps, 

85*  Air-slaked  fat  limes  increase  twofifths  in  weight,  and 
for  one  volume  of  quick  lime  yield  3.52  volumes  of  slaked 
lime.  The  meager  limes  increase  cme-eighth  in  weight,  and 
for  one  volume  of  quick  lime  yield  from  1.75  to  2.25  volume 
of  slaked  lime. 

86.  The  dry  hydrates  of  lime,  when  exposed  to  the  at- 
mosphere, gradually  absorb  carbonic  acid  and  water.  This 
process  proceeds  very  slowly,  and  the  slaked  lime  never  re- 
gains all  the  carbonic  acid  which  is  driven  off  by  the  calcina* 
tiun  of  the  lime-stone.  When  converted  into  a  thick  paste, 
and  exposed  to  the  air,  the  hydrates  gradually  absorb  carbonic 
acid  ;  this  action  first  takes  place  on  the  surface,  and  proceeds 
more  slowly  from  year  to  year  towards  the  interior  or  the  ex- 
posed mass.  The  absorrition  of  gas  proceeds  more  rapidly  in 
the  meager  than  in  the  rat  limes,  Ttiose  hydmtes  which  are 
most  thoroughly  slaked  become  hardest.     T^he  hydrates  of  the 

Eure  fat  limes  become  in  time  very  hard^  while  those  of  the 
ydraulic  limes  become  only  mcKleratelj  hard. 

87.  The  fat  limes,  when  slaked  by  dro\^mnff,  may  be  pre- 
served for  a  long  period  in  the  state  of  paste,  ir  placed  m  a 
damp  sitnation  and  kept  from  contact  with  the  air.  They 
may  also  be  preserved  for  a  long  time  without  change,  when 
slaked  by  immersion  to  a  dry  powder,  if  placed  iu  covered 
vessels.  Hydraulic  limes,  under  similar  circumstances,  wiU 
harden  if  kept  in  the  state  of  paste,  and  will  deteriorate  when 
ij.  powder,  unless  kept  in  periectly  air-tight  vessels. 

re*  The  hydrates  of  fat  lime,  from  air-slaking  or  immersion, 
require  a  smaller  quantity  of  water  to  reduce  them  to  the  state 
of  paste  than  the  others ;  but,  when  immersed  in  water^  their 
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gradually  Imbibe  their  full  doso  of  water,  the  paste  becom 
iiig  thicKer,  but  renmining  UTichanged  in  voluiTie.  Exposed 
in  this  wrtv,  the  Wtiter  will  in  time  dissolve  out  all  the  liirieoi 
tlie  hydrate  which  Las  not  been  reconverted  into  a  sub-carbo- 
nate, by  the  absorption  of  carbonic  acid  bef<  ire  immersion ; 
ftnd  if  the  water  contain  carl»iiJcacidj  it  will  also  dissolve  the 
carbonated  portions. 

89.  The  iiyd rates  of  hydmnlic  lime,  when  immei-scd  in 
water  in  the  state  oi  thin  pastes,  reject  a  portion  of  the  water 
fi'om  the  paste,  and  become  hard  in  time ;  if  the  paste  be 
very  stiff,  they  imbibe  more  water,  Bet  quickly,  and  acquire 

greater  hardne&a  in  time  than  the  soft  pastes.     The  pastes  of 
le  hydrates  of  hydraulic  lime,  which  liave  hardened  in  the 
air,  will  retain  their*  hardness  when  placed  in  water. 

90.  All  limes  seem  to  have  their  liydranlic  energy  affected 
by  the  degree  of  their  calcination ;  but  only  in  their  first 
Bta^s  of  immei'sion.  This  is  observed  even  in  nnderbiimed 
common  lime  which,  %vhen  suitably  reduced,  is  found  to  be 
slightly  hydraulic. 

91.  the  pasted  of  the  fat  limes  shrink  very  unequally  in 
drying,  ana  the  shrinkage  increases  with  the  purity  of  the 
lime ;  on  this  account  it  is  diflicult  to  apply  them  alone  to  any 
building  purposes,  except  in  verv  thin  laycre.  The  pastes  of 
the  hydraulic  limes  can  be  nsetl  only  with  advantage  under 
water,  or  where  they  are  constantly  exposed  to  humidity ;  and 
in  these  situations  they  are  never  used  alone,  as  they  are 
found  to  succeed  as  well,  and  to  present  more  economy^  when 
mixed  with  a  portion  of  sand. 

02.  Manner  of  reducing  hydxauUc  cement. — As  the 
cement  stones  will  not  slake,  they  must  be  reduced  to  a  fine 
powder  by  some  mechanical  process,  before  they  can  be  con 
verted  into  a  hydrate.  Tlie  methods  usually  employed  for 
this  purpose  consist  in  first  breaking  the  burnt  stone  into  small 
fragments,  either  under  iron  cylinders,  or  in  conical-shaped 
milk  suitably  formed  for  this  purj^ose.  The  product  is  next 
groimd  between  a  pair  of  stones,  or  else  crushed  by  an  iron 
i"oller.  The  coarser  particles  are  sepanited  from  the  fine 
powder  by  the  ordinary  processes  with  sieves.  The  powder 
IS  tlien  carefully  packed  m  air-tight  casks,  and  kept  ic^r  use, 

93.  Ilydraidic  cement,  like  hydraidic  lime,  deteriorates  by 
exposure  to  the  air,  and  may  in  time  lose  all  its  liydraulic 

{jroperties.     On  this  account  it  should  be  nsed  when  fresh 
rom  the  kiln  ;  for,  however  carefully  packed,  it  cannc*t  be 
well  preserved  when  transported  to  any  aistance. 

94.  The  deterioration  oi  hydraulic  cements,  from  exp^snrf 
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ii  .he  air,  arises,  probably,  from  a  chemical  diflimion  between 
th,  ct>nstituent  elements  of  the  burnt  stone,  occasioned  by 
thr*  absorption  of  water  and  carbonic  acid.  Wlicn  injuroa. 
thitir  energy  can  be  rei?torcd  by  submitting  them  to  a  rnncli 
sli^^hter  degree  of  heat  than  that  which  is  requisite  t«>  calcine 
the  stone  suitably  in  the  first  instance.  From  the  experi- 
ments of  M.  Petot,  it  appears  that  a  red  heat,  kept  up  for 
a  short  period,  is  sufticient  to  restore  damaged  nydraulic 
cements. 

95.  "  As  a  rule,  nil  hydraulic  ceraenta  produced  at  a  low 
he«t,  whether  derived  from  argillaceous  or  argillo-tnaOTcsian 
lime-stones,  arc  light  in  weight  and  qniek-setting,  and  never 
attain,  when  made  into  monar  or  b(^ton,  more  than  30  ttr  33 
per  cent,  of  the  strength  and  hardness  of  Portland  cement 
placed  in  similar  circumstances.  They  are  also  greatly  in- 
ferior to  good  hydraulic  lime.  This  is  true  of  all  cements 
made  at  a  low  heat,  including  even  those  derived  from  lime- 
stones^ that  might,  with  proper  burning,  have  yielded  Pt irtland 
cement.  The  celebrated  Ivoman  cement,  the  twice-kilned 
artificial  cements,  the  quick-setting  French  cement,  like  that 
of  Vassy,  and  all  the  hydraulic  cements  manufactured  at  the 
present  day  in  the  United  States,  belong  to  this  category." 

96.  ARTinCIAIi  HTTDRAULIO  UMES  AND  CE- 
MENTS.  Tlie  discovery  of  the  argillaceous  character  of  the 
8ti»ne9  which  yield  hydraulit?  limes  and  cements,  connected 
with  tlie  fact  that  brick  reduced  to  a  fine  powder,  as  well  as 
several  substances  of  volcanic  oripn  having  nearly  the  same 
constituent  eletnents  as  ordinaiy  brick,  when  mixed  in  suita- 
ble proportions  with  common  lime,  will  yield  a  paste  that 
hardens  under  water,  has  led,  within  a  recent  period,  to  arti- 
ficial methods  of  pnxlucing  cc«npounds  possessing  the  pi^per- 
ties  of  natural  hydraulic  limestones. 

97.  M.  Yicat  was  the  fii-st  to  point  out  the  method  of  form- 
ing an  aitificial  hydraulic  lime,  by  mixing  c*ommon  lime  and 
uimumt  clay,  in  suitaMe  proportions,  and  then  calcining 
them.  The  experiments  of  M.  Vicat  have  been  repeated  by 
ieveral  eminent  er^ijincera  with  complete  success,  and  among 
others  by  General  Pasley,  who,  in  a  recent  work  by  him, 
Observations  on  LimeSj  Oalrareo-uJi  Cements^  etc.,  has  given, 
with  minute  detail,  the  results  of  his  experiments ;  from  which 
it  appears  that  an  hydraulic  cement,  fully  equal  in  quality  to 
that  obtained  from  natural  stones,  can  be  made  by  mixing 
common  lime,  either  in  tJie  state  of  a  carbonate  or  of  a  hy 
drate^  with  clay,  and  subjecting  the  mixture  to  a  suitable  do 
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gree  of  heat.  In  some  parts  of  France,  where  chalk  is  found 
abundantly,  the  preparation  of  artificial  hyilraulic  lime  hae 
become  a  branch  of  manufacture, 

98.  Different  meth^xls  have  been  pursned  in  preparing  thif 
material,  the  main  object  being  to  secure  the  finest  mechan 
ical  division  of  the  two  ingreoients,  and  their  thorough  mix- 
ture. For  this  purp<^>8e  the  lime-stone,  if  soft,  like  chalk  or 
tufa,  may  l>e  retlnced  in  a  wash-mill,  or  a  rolling-mill,  to  the 
state  of  a  soft  pulp ;  it  is  then  incorporated  with  the  day,  by 
paeeing  them  thirmgh  a  piig-milL  The  mixture  is  nert 
moulded  into  small  blocksj  or  made  up  into  balls  between  3 
and  S  iiH'hea  diameter,  by  band,  and  well  dried.  Tlie  balls 
are  placed  in  a  kiln, — suitably  calcined,  and  are  finally  slaked^ 
or  ground  down  fine  for  use. 

99.  If  the  lime-stone  be  hard,  it  must  be  calcined  and 
slaked  in  the  usual  manner,  before  it  can  be  mixed  with  the 
clay.  Tlie  proccBs  for  mixing  the  ingredients,  their  calcina- 
tion, and  further  preparation  for  use,  are  tbe  same  as  in  the 
preceding^  case, 

100.  The  artificial  hydraulic  cement  manufactursd  in 
France,  at  Boulogne,  and  possessing  the  same  qualities  as  the 
artificial  Portland  cement,  is  com{x)sed  of  79.5  jier  cent  of 
carbonate  of  lime  in  powder,  and  20.5  of  clay,  which,  after 
being  thoroughly  mixed,  are  subjected  to  a  very  high  degree 
of  temperature. 

101.  WHiat  18  known,  in  commerce  and  among  engineers, 
as  artificial  Portlatid  cement,  is  a  mixture  of  the  blue  clay  of 
the  Ixjudon  basin  and  chalk,  fonned  by  grinding  the  materials 
t<:>gether  in  water.  The  Bcmi-fiuid  mixture  is  run  off  into 
vats,  and,  after  settling  and  attaining  suflieient  cf>nsistency,  is 
dried  by  artificial  heat  and  then  calcined,  at  a  high  tempera- 
ture, to  the  ver^  of  \'itrification.  It  is  then  reduced  for  use 
to  a  very  line  powder.  It  is  J^aid  not  to  deteriorate  from  ex- 
posure to  tlio  air,  provided  it  he  kept  froTu  moisture, 

102.  Artificial  hydraulic  lime,  prepared  from  the  hard 
limestones,  is  more  expensive  than  that  made  fn»m  the  soft; 
but  it  is  stated  to  be  8U]>crior  in  cjnality  to  the  latter. 

103.  As  inlays  ai*e  seldom  free  from  carbonate  of  lirae,  and 
%B  the  limeatones  which  yield  connnon  or  fat  lime  may  con 
tain  some  iK»rtIon  of  clay,  the  proper  proportions  of  the  two 
4]gj*edientft,  to  produce  either  an  hydraulic  lime  or  a  cement 
must  be  determined  by  experiment  in  each  case,  guided  by  a 
pmvir^uB  analvsis  of  the  two  ingredients  to  be  tried. 

If  the  lime  be  pure,  and  the  clay  be  fi*ee  from  lime,  theti 
the  Qombinationa  m  the  proportions  given  in  the  table  of  M 


Petot  will  give^  by  calcination,  like  rcsulte  with  the  sitmc          ^^^| 
proportione  when  found  naturally  combined.                                      ^^^H 

104*  Puzzolana,  etc.     The  prautiee  of  using  brick  or  tile-           ^^^| 
dustj  or  a  volcanic  substance  known  by  the  name  of  puzzo-           ^^^H 
buia,  mixed  witli  common  lime,  to  form  an  hydraulic  lime,           ^^^H 
was  known  to  the  RomauB,  by  whom  mortars  composed  of  these           ^^^H 
materials  were  extensively  u^ed  intheir  hydraulic  const  ructions,           ^^^| 
This  practice  has  been  more  or  less  followed  by  modern  engi-           ^^^H 
neers^  who,  until  within  a  few  years^  either  used  the  puzzolana           ^^^H 
of  Italy*  where  it  is  obtained  near  Mount  VesuviuSj  in  a  pul-           ^^^| 
rernlent  state,  or  a  material  termed  Trass^  maiiufactiired  in           ^^^| 
Holland,  by  gri  nding  to  a  fine  powder  a  %'olcamc  stone  obtained  '       ^^^H 
near  Andemaeh,  on  the  Ehine.                                                             ^^^| 

Experiments  by  several  eminent  chemists  have  extended           ^^^| 
the  list  of  natural  substances  which,  when  prc^perly  burnt  and           ^^^H 
reduced  to  powder,  have  the  same  properties  as  puzzolana,          ^^^| 
They  moetW  belong  to  the  feldspatnic  and  schistose  rocks,           ^^^| 
and  are  either  fine  sand,  or  clays  more  or  less  indurated.                   ^^^H 

The  following  TahU  gives  the  results  of  analyses  of  Pmzo-          ^^^| 
hma^  Trass^  a  Basalt^  and  a  Schistids^  whicA^  wnen  burnt          ^^^H 
and  powdered^  were  found  to  possess  the  properties  of          ^^^| 
pmzol4ma^                                                                                       ^^^| 

fiilica »»..*. 

FdxsoIiuui. 

0.44J5 
0,150 
0.088 
0.047 
0.120 

0.014 
0.050 
0,100 

T^TMB* 

Bwalt, 

BdUntiiiL                           ^^M 

0.570 
0,120 
0.026 
0.010 
O.OTjO 

0.070 
0,010 
0.144 

44.50 
10.75 

2oToO 
2.S7 

£m 

4,28 

40.00               ^^^H 
20.00              ^^H 

hToo           ^^H 

Umr. 

Magnfimn , , ^ . 

Oxide  of  iron ,.,,,.,.,,„,,,,,,,,,,. 

FDtMMi " \,,\\ ; 

Boda *. 

W»t«r  uQd  loB! 

1,000 

1.000 

100.00 

100.00             ^^H 

105,  Whether   natural    puzzolanas   occur  in  the  United           ^^^H 
States,  is  not  known.     The  great  abundance  of  natural  hy-           ^^^| 
draulic  cements  would  proljably  cause  no  demand  ft»r  them,           ^^^| 
nor  for  artificial  puzzolanas  for  building  purposes.                             ^^^| 

106,  All  of  these   subRt^inces^  when  prepared  artificially,           ^^^| 
are  now  generally  known  by  the  name  of  artificial pti22oianus,           ^^^H 
in  contradistinction  to  those  which  occur  naturally.                             ^^^^ 

107,  General  Treusaart,  of  the  French  Corj^s^of  Military           ^^H 
Engineers^  fiiist  attempted  a  sptematic  investigation  of  the           ^^^| 
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properties  of  artificial  puzzolanas  mado  fmm  ordinary  rlaj 
and  of  tlie  best  raanner  of  preparing  them  on  a  lar^e  scalel 
It  appears  from  the  results  of  his  experinientSj  that  the  plus- 
tic  clays  usee!  for  tiles,  or  puttery,  \^li!ch  are  unctmma  to  rhe 
touch,  the  alumina  in  them  being  in  the  proportion  of  one 
fifth  to  one  third  of  the  silica,  furnish  the  best  artificial  piizz**- 
lanas  when  auitably  burned.  The  clays  which  are  more  mea- 
ger, and  harflher  to  the  touch,  yield  an  inferior  article,  Ijiit  are 
in  some  cases  preferable,  fr^nn  tlie  greater  ease  \\ith  which 
they  can  be  reduced  to  a  powden 

108.  As  the  clays  mostly  contain  lime,  magnesia,  some  of 
the  metallic  oxides,  and  alkaline  salts,  General  Trcnsfiart-  en- 
deavored  to  ascertain  the  influence  of  theee  8nli?.tanccs  upon 
the  qtialities  of  the  artificial  puzzolanas  from  v\ay\i  in  which 
they  are  found.  He  states,  that  the  carbonate  of  pitash  aTuI 
the  muriate  of  scKia  seem  to  act  beneficially ;  tljat  nuignesin 
Beema  to  be  passivcj  as  well  as  the  oxide  of  iron,  except  when 
the  latter  is  found  in  a  large  proportion,  when  it  acts  hnrtfub 
ly;  and  that  the  lime  liaa  a  material  influence  on  tlie  degree 
of  heat  required  to  convert  the  clay  into  a  good  artificial  pnz- 
zolana, 

109.  Tlic  management  of  the  heat,  in  the  preparation  nf 
this  iiiaterinl,  seems  of  the  first  consequence;  and  General 
Trenssart  recommends  that  direct  experiment  be  res(U*ted  to, 
as  the  most  certain  means  ot  ascerfainiug  the  proper  point, 
Por  this  purpose,  specimens  of  the  clay  to  be  tried  may  be 
knended  into  balls  m  large  as  an  egg,  and  the  balls  when  dry, 
be  submitted  to  different  degrees  (jf  heat  in  a  kiln,  f>r  fnruacu, 
through  which  a  current  of  air  must  pass  over  the  balU,  m 
this  last  circumstance  is  essential  to  secure  a  material  possess- 
ing the  best  hydraulic  qualities.  Some  of  the  balls  are  M'itli- 
drawn  as  soon  as  their  color  indicates  tliat  they  are  under- 
burnt  ;  others  when  they  have  the  appearance  of  welbburnt 
brick;  and  otiiers  when  their  color  slmwa  that  they  are  over- 
burnt,  but  before  thc»y  become  vitrified.  The  burnt  balls  arc 
reduced  to  an  irn  pal  liable  powder,  and  this  is  mixeil  with  a 
hydrate  of  fat  lime,  in  the  pronnrtiou  of  two  parts  of  the  pow 
der  to  one  of  lime  in  paste.  Water  is  added,  if  ne<!essrtry,  to 
bring  the  different  mixtures  to  the  consistence  of  a  thick  pulp; 
and  they  are  separately  placed  in  glass  vessels,  covered  with 
water,  and  allowed  to  remain  until  they  harden.  The  c<>m^ 
poind  which  hardens  most  promptly  will  indicate  the  mosi 
suitable  degree  of  heat  to  be  applied* 

110.  As  Die  carbonates  of  lime,  of  potssh,  and  of  goda,  ad 
03  fluxes  on  silica,  the  presence  of   any  one  of   them  will 
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modify  the  dcsrree  oi  heat  necessary  to  convert  the  clay  into 
a  good  naturar  puzzolana.  Clay,  containing  about  one  tenth 
of  lime,  should  be  brought  to  about  the  state  of  slightly-biu'nl 
brick  T!ie  oc^hreoiLs  clays  require  a  hlglier  degree  of  heat  lo 
convert  them  into  a  gfOo<i  material,  and  shtmld  be  burnt  until 
they  assume  tlie  appearance  uf  well-burnt  brick.  The  more 
refractory  clays  will  bear  a  still  higher  degree  of  heat ;  but 
the  cjilcination  should  in  no  case  Be  carried  to  the  point  of 
incipient  viti'ification, 

xiL  The  quantity  of  lime  contained  in  the  clay  can  be  read* 
ilv  ascertained  l:>eforehand,  by  treating  a  small  poi'tion  of  the 
clay,  diflfused  in  water,  with  enough  mm-iatic  acid  to  disscJve 
oat  the  lime ;  and  this  last  might  serve  as  a  guide  in  tlie  pre- 
linunury  stages  of  the  experiments. 

112,  General  Treussart  8t4ites,  as  the  results  of  his  experi- 
ments, that  the  mixtui-e  of  artificial  puzzolana  and  fat  lime 
fonns  an  hydraulic  paste  superior  in  quality  to  tliat  obtained 
by  M.  Yicat's  process  for  making  artificial  hydraulic  lime. 
BI.  Cuitois,  a  French  civil  engineer^  in  a  memoir  on  these  ar- 
tificial compounds,  published  in  the  Anfudes  des  Pants  et 
CAaiiss^es^  1834,  and  General  Pasley,  more  recently,  adopt 
tlie  conclusion  of  General  Ti*enssai't.  IL  Vicat's  process  ap- 
ficars  best  adapted  when  chalky  or  any  very  soft  Hme-stone, 
which  can  be  readily  converted  to  a  soft  puip^  is  used,  as 
oft  "  I  ore  economy,  and  affording  an  hydraulic  lime  which 
I-  itly  strong  for  most  building  purposes.  By  it  Gen- 
onil  Pasley  has  auccc^eded  in  ol)taining  an  artificial  hydranlio 
L-ement  which  is  but  little,  if  at  all,  inferior  to  the  liest  natu- 
ral varieties ;  a  result  which  has  not  been  obtained  from  any 
combination  of  fat  lime  with  pnzzolana,  whether  natural  or 
irtificial 

113,  All  the  puzzolanas  possess  the  important  property  of 
not  deteriorating  by  exposure  to  the  air,  which  is  not  the  case 
with  any  of  the  hydmulic  limes  or  cements.  This  property 
may  render  them  xevy  serviceable  in  many  localities,  where 
July  common  or  feebly  hydraulic  lime  can  be  obtained, 

114,  The  well-known  artilicial  Portland  cement,  manufac- 
tured in  England,  is  composed  of  an  intimate  mixtui-c  t»f  chalk 
ijul  clay,  in  the  state  td'  paste,  which  is  then  dried  and  burned 
in  kilns  or  ovens ;  the  product  of  the  calcination  being  flinty, 
or  like  %dtrified  brick.  This  degree  of  calcination  is  essential 
ti>  the  excellence  of  tlie  material,  of  which  its  weight,  or  spe- 
cific gra\^ty,  is  one  of  the  best  tests. 

Another  more  recent  method  of  giving  a  certain  degree  ol 
hydj-aulicity  to  common  limes,  and  of  impi-oving  that  of  hy- 
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draulie  limes,  is  to  place  the  calcined  stone,  after  it  has  been 
di-awD  from  the  kiln,  in  arched  ovens  which  caia  be  made  air- 
tight, in  which  it  can  be  subiected  to  the  action  of  a  fire,  from 
a  grate  beneath;  so  tliat  the  heat  can  be  equally  diffused 
throughout  the  mass,  wliich  is  brought  oi)ly  to  a  slight  glow» 
m  seen  by  the  eye.    Wlien  in  this  condition,  iron  pots  contain- 
.     iBg  sulphur  are  placed  underneath,  and  the  sulphur^  converted 
K  into  vapour,  allowed  to  permeate  the  mass  of  lime ;  the  escape 
Bof  tlie  vapour  from  the  oven  having  been  previoiislv  pn»vided 
^Mgainst.     After  the  sulphur  bajs  been  consumed  the  mass  is 
^aliovved  to  cool,  and  is  then  ground  fine  like  other  cemente. 
This  product  is  kntjwn  in  commerce  as  Scotfa  cement,  from 
the  name  of  tho  inventor,  an  oflicer  of  the  Koyal  Engineera. 
See  Professional  Papers  of  the  Corps  of  Royal  Engineers 
Voh  X*    New  Series, 
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115,  Mortur  is  any  mixture  of  lime  in  paste  with  sand.  It 
may  be  divided  into  two  principal  classes;  Ilydranlic  mor- 
tar^ which  is  made  of  hydraulic  lime,  and  Common  m^ortar^ 
made  of  common  lime. 

116.  The  tenn  G^raut  is  applied  to  any  mortar  in  a  tliin  or 
fluid  state ;  and  the  terms  Concrete  and  Beton^  to  mortai-s  in- 
corporated with  gravel  and  small  fragments  of  stone  or  brick. 

117,  Mortar  is  used  for  various  purposes  in  building.  It 
serves  as  a  cement  to  unite  blocks  oi  stone,  or  brick*  In  con- 
crete and  beton,  which  may  be  regarded  as  artificial  conalom' 
crate  atones,  it  forms  the  *m^trix!  bv  which  tlie  gravel  and 
bn»ken  stone  are  held  together;*  and  it  is  tho  piini'ipal  mate- 
rial with  which  tlve  exterior  surfaces  of  walls  and  the  interior 
of  edifices  are  coated* 

118.  The  quality  of  mortare,  whether  u&ed  for  structures 
exposed  to  tlie  weather,  or  for  tliose  immersed  in  water,  will 
depend  upon  tlie  nature  of  the  materials  used  ;  their  projxjr- 
tions  ;  the  manner  in  which  the  lime  has  been  converted  in- 
to a  paste  to  receive  the  sand  ;  and  the  mode  employed  to 
mix  the  ingredients     Upon  all  of  these  points  experiment 
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is  the  oiily  unerring  guide  for  the  engineer ;  for  tho 
g;reat  diverslh^  in  the  constituent  elements  of  limestunie,  aa 
well  as  in  the  other  ingredients  of  niortare,  miist  necessarily 
•lone  gi%'e  rise  to  divei-sities  in  results  ;  and  when,  to  these 
caused  of  variation,  are  superadded  those  resulting  from  dif- 
ferent procoases  pui*sued  in  the  manipulations  of  slaking  tiie 
lime  and  mixing  the  ingredients,  no  suiprise  should  be  felt  at 
tlie  seemingly  opposite  conclusions  at  which  writei^,  who  have 
pursued  tlie  subject  experimentally,  have  arrived.  From  the 
great  mass  of  facts,  however,  presented  on  this  subject  within 
a  few  years,  sume  general  rules  may  be  kid  down,  which  tlie 
engineer  may  safely  follow,  in  the  absence  of  the  means  of 
making  direct  experiments. 

US.  As  to  the  action  of  salt  water  on  artificial  hydraulic 
limes  made  by  mixing  common  lime  with  a  natuj-al  or  artifi- 
cial puzzc»lana,  opinion  among  European  enj^ineers  seems  di- 
▼idei  Some  state  that  they  withstand  well  the  action  of  salt 
water ;  others  that  they  resist  this  action  only  after  the  ex 
posetl  surface  becomes  coated  with  barnacles,  oysters,  etc 

120,  The  view  now  generally  taken  of  mortar  is,  that  being 
an  artificial  Bandstone,  the  nearer  its  constituents  approach 
those  of  the  natural  sandstones,  the  better  will  be  the  result 
obtained ;  and  that  therefore  the  best  proportions  for  its  in- 
gredientB  are  those  in  Avhich  each  grain  of  sand  is  enveloped 
with  just  sufficient  lime,  in  a  barely  moist  state,  to  cause  the 
whole  mass  to  cohere  and  set  quickly.  Too  much  lime  causes 
fihrinkage  and  cracks ;  and  when  too  much  water  is  added 
the  mass  in  drying  is  found  to  bo  porous, 

121,  Sand.  This  material,  which  forms  one  of  the  ingre- 
dients of  mortar,  is  the  granular  product  arising  from  the  dis- 
integration of  rocks.  It  may,  therefoi*e,  like  the  rocks  from 
which  it  is  derived,  be  divided  into  three  principal  varieties 
— the  silicious,  the  calcareous,  and  the  argillaceous. 

Sand  is  also  named  fr<>m  the  locality  whem  it  is  obtained, 
BApit  ^and,  which  is  procuj-ed  from  excavations  inallurialjOr 
other  deposits  of  disintegrated  rock;  river  aarid^  and  sea  sand^ 
which  are  taken  from  the  shores  of  the  sea,  or  rivers. 

Builder»  again  classify  sand  according  to  the  size  cf  tlio 
grain.  The  term  coarse  sand  is  applied  when  the  gr«:in  va- 
ries between  ^th  and  ^th  of  an  inch  in  diameter ;  the  term ^fifi€ 
mnd^  when  the  grain  is  between  ^th  and  ^th  of  an  iucli  in 
diameter ;  and  the  term  mioced  sand  is  used  for  any  niixture 
of  the  two  preceding  kinds, 

122,  The  gilicious  sands,  arising  from  the  quartzose  rocks, 
are  the  mubt  abunda'^it  and  are  usually  preferred  by  buildera 
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The  calcAi'eous  sands,  fi-om  bard  c^ilcareous  rocks,  aits  mi^re 
rare,  but  form  a  good  ingredient  for  mortar.  Some  of  tlie 
argillaceoiii  t^nds  possess  the  pmjx^rties  of  the  leas  enei^getic 
puzzolanas,  and  are  tltereforc  very  valuable,  aa  forming  with 
coniinon  lime  an  artificial  hydranlic  lime^ 

123.  The  propeiiy  whieli  some  argillaceona  sands  possess, 
of  fonninn;  with  eominou,  or  slightly  hydraulic  lime  a  eoui- 
pound  which  wHl  harden  under  water,  has  been  loiij^  known 
in  France,  where  these  stuids  are  termed  areneis.  The  sanda 
of  this  nature  are  usuully  found  in  liillocks  along  river  valleys. 
These  hillocks  sometimes  rest  on  calcareous  rocks,  or  argil- 
laceouB  tufas,  and  are  frequently  formed  of  alternate  beds  of 
the  sand  and  pebbles.  T!ie  sand  is  of  various  coloi^,  such  aa 
yellow,  red,  and  green,  and  seems  to  have  been  formed  from 
the  disintegration  of  clay  in  a  more  or  less  indurated  state. 
The  arenes  are  not  as  energetic  as  either  natural  or  artiticial 
pujszolanas ;  still  diey  form,  with  common  lime,  an  excellent 
mortar  for  masonry  exposed  either  to  the  open  air,  or  to 
humid  localities,  as  the  foundations  of  edifices. 

124.  Pit'sand  has  a  rougher  aud  more  angular  grain  than 
river  or  sea  ^and  ;  aud,  ou  this  account,  is  generally  prefer- 
red by  buildei^  for  muitars  uised  for  briclc^  or  stJne-work. 
Whether  it  iovin^  a  stronger  mortar  than  the  other  two  is  not 
positively  settled,  although  some  experiments  would  lead  to 
the  conclusion  tJiat  it  does. 

125.  River  and  sea  sand  are  by  some  preferred  for  plaster- 
ing, because  they  are  whiter,  and  liave  a  fifier  and  more  uni- 
form  grain  than  pit  sand  ;  but  as  tlie  sands  from  the  shores  of 
tidal  w'aters  contain  t^idts,  they  should  not  be  used,  owing  to 
their  hygromctric  prtiperties,  before  the  salts  are  dis8<:>lved  out 
in  fresh  water  by  careful  washing. 

126.  Pit  sand  is  seldom  obtained  free  from  a  mixture  of 
dirt,  or  clay  ;  and  these,  when  found  in  any  notable  quantity 
in  it,  give  a  weak  and  bad  mortar.  Earthy  sands  should, 
therefore,  be  cleansed  from  dirt  before  using  them  for  mtir- 
tar;  this  may  be  effected  by  washing  the  sand  in  shallow  vats, 
aud  allowing  the  turbid  water,  in  which  the  clay,  dust  and 
other  like  impurities  are  held  in  suspension,  to  run  off. 

127.  Sand,  when  pure  or  w^ell  cleansed,  may  be  known  by 
not  soiling  the  fingers  when  rulil»cd  between  them, 

128.  Hydraulio    mortar.     This   material    may   bo   madej 
from  the  natural  hydraulic  limes  :  f  roru  those  which  are  pre*^ 
pared  by  M.  Vic-it's  juoceBS  ;  or  fniui  a  mixture  of  eommon 
ur  feebly  by  Irani ic  lime  with  a  natm-al  or  artiiieial  puzzolana. 
AH  writers,  however,  egree  that  it  is  better  to  use  a  Qatnra! 


ICOBTAIE. 


48 


than  an  artificial   hydraulic  lime,  when  tlie  fomrier  can  be 
readily  procured. 

129.  When  the  lime  used  ia  strongly  hydraulic,  M,  Vicat  is 
of  opinion  that  &and  alone  should  be  used  with  it,  to  form 
a  good  hydraulic  mortar.  General  Treussart  has  drawn  the 
i< Inclusion,  from  his  experimentB,  that  the  mortar  of  all  hy- 
dmulie  limes  ia  improved  by  an  addition  of  a  natural  or  arti- 
ficial puzzolana.  The  quantity  of  sand  used  may  vary  from 
li  to  2  parta  of  the  lime  in  bulk,  when  reduced  to  a  thick 
pulp. 

130,  The  practice  of  the  United  States  Corps  of  Engineers. 
in  the  construction  of  heavy  masonry,  has  been  to  add  from 
2,5  to  3.5,  in  hulk,  of  compact  sand  to  one  of  lime  of  a  thick 

Easte  in  the  composition  of  tlieir  hydi^uiic  mortars  ;  and  it 
as  been  found  that  an  equal  bulk  of  common  lirae  in  paste 
can  be  mixed  with  hydraulic  cement  paste  without  occasion- 
ing any  material  diminution  in  the  strength  of  the  resulting 
mortar. 

13L  For  hydraulic  raortarSj  made  of  common,  feeble,  or  or 
dinary  hydraulic  limes,  and  artificial  puzzolana,  M.  Vicat 
states  that  the  puzzolana  should  be  the  weaker  as  the  lime  ia 
more  strongly  nydraulic;  using,  for  example,  a  very  ener- 
getic puzzoTaua  with  a  fat  or  a  feebly  hydraulic  lime.  The 
proportion  of  sand  wliich  can  be  incorporated  with  tliese  in- 

freoients,  to  form  an  hydraulic  mortar,  is  stated  by  General 
'I'eussart  to  be  one  volume  to  one  of  puzzolana,  and  one  of 
lime  in  paste. 

132.  In  proportioning  tbe  ingredients,  the  object  to  which 
the  mortar  is  to  be  applied  shoiild  be  rejjarded.  ^\Tien  it  is 
to  serve  to  unite  stone,  or  hrick  work,  it  is  better  that  the  hy- 
draulic lime  shoukl  be  rather  in  excels :  when  it  is  used  as  a 
matrix  for  beton,  no  more  lime  should  be  used  than  isstnctly 
requimd.  No  harm  will  arise  from  an  excess  of  good  hydrau- 
lic lime,  in  any  case;  but  an  excess  of  common  Ixme  is  injuria 
ous  to  the  quality  of  the  mortar. 

133.  Common  and  ordinary  hydraulic  limes,  when  made 
into  mortar  with  arenes^  give  a  good  material  for  hydi-aiilic 
porixjses.  The  proportions  in  which  tliese  have  been  found 
to  succeed  well,  are  one  of  lime  to  three  of  arhies, 

134.  Hydraulic  cement,  from  the  promptitude  wuth  which 
it  hardens,  b<*th  in  the  air  and  under  water,  is  an  invalu- 
able material  where  this  property  is  essential.  Any  dose  of 
siikI  injures  its  properties  as  a  cement.  But  hydraidic  ce- 
lueut  may  be  added  ivith  decided  advantage  to  a  mortar  of 
eummon,  or  of  feebly  hydraulic  lime  and  sand.     It  ie  in  this 
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way  tliat  it  is  generally  used  in  i^nr  pnblic  w*>rks,  Tlie  I"  rcncl 
eii^^iiieei-b  give  the  preference  to  a  gtx>d  hydraulic  niortar  over 
hydranlic  eeinent,  both  for  uniting  stone,  or  brick  work,  and 
for  pltt8t4jriiig.  They  find,  from  tlieir  practice,  that  when 
ii^ed  m  a  Btucco,  it  does  not  witliBtand  well  the  effects  of 
weather  j  that  it  swells  and  eraeks  in  time;  and,  when  laid  on 
in  eiiceesfiive  coats,  that  they  become  detached  fn>m  each 
other. 

General  Paslev,  who  has  paid  great  attention  to  the  pro- 
perties of  natural  and  artificial  hydraulic  cements,  does  not 
agree  with  tJie  French  engineers  in  his  conclusions.  He  states 
that,  when  skilfully  applied,  hydraulic  cement  is  superior  to 
any  hydraulic  niortar  tor  masonry,  hut  Uiat  it  must  be  used 
only  in  thin  joints,  and  when  applied  as  a  stucco,  that  it 
should  be  laid  on  in  but  one  coat ;  or,  if  it  be  laid  on  in  two, 
the  second  must  be  a<lded  long  before  the  first  has  set,  so  that, 
in  fact,  the  two  make  but  one  coat<  By  attending  to  these 
precautions,  General  Pasley  states  tliat  a  stucco  of  hydraulic 
cement  and  sand  will  withstand  j>erfectly  the  effects  of  frost. 

135,  Mortars  escposed  to  weather, — The  French  ongi- 
Keel's,  who  have  paid  great  attention  to  the  subject  of  mortars, 
coincide  in  the  opinion,  that  a  mortar  cannot  be  made  of  fat 
lime  and  any  inert  sands,  like  those  of  the  silicious,  or  t!alca- 
reouB  kinds,  which  will  withstand  the  oixlinary  exposure  of 
weather  ;  and  that,  to  obtain  a  gtx>d  mortar  for  tliis  puqK)8c, 
either  the  hydraulic  limes  mixed  with  saud  must  be  employed, 
or  else  common  lime  mixed  either  with  arenes^  or  with  a  puz- 
zolaua  and  sand. 

136,  Any  pum  sand,  mixed  in  proper  proportions  with  hy- 
draulic lime,  will  give  a  gcMxl  mortar  for  the  open  air ;  but 
the  luirdnesa  of  the  mortar  will  l»e  affected  by  tlie  size  of  the 
grain,  particularly  when  hydraulic  lime  is  used.  Fine  sand 
yields  the  best  mortar  with  go<xi  hydraulic  lime;  mixed  sand 
with  the  feebly  hydraulic  limes;  and  coarse  sand  with  fat 
lime, 

137,  For  mortar  to  be  used  for  filling  the  exterior  of  the 
joints,  or  as  it  is  termed,  for  pointing,  the  amount  of  lime  paste 
in  bulk  should  be  but  Blightly  greater  than  that  of  the  void 
spaces  of  grains  of  sand.  Tlie  bulk  of  sand  for  tliis  purpose 
snould  be  from  2.5  to  2.75  that  of  the  lime  paste, 

138*  The  prorHUtion  which  the  lime  should  l>ear  to  the 
sand  Beems  to  depend,  in  some  measui'e,  on  the  manner  in 
which  the  lime  is  slaked.  M.  Yicat  states,  that  the  strength 
of  mortar  made  of  a  stiif  paste  of  fat  lime,  slaked  in  theordi- 
naij  way,  increases  from  0*50  to  2M}  to  one  of  the  paste  in 
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Tolume ;  and  that,  when  the  lime  Ifl  slaked  by  immeraionj  one 
rohitne  of  the  like  paste  will  give  a  mortar  that  increases  in 
•tiength  from  0.50  to  2.20  parts  of  sand. 

For  one  volume  of  a  paste  of  hydraulic  lime,  slaked  if  the 
ordinary  way,  the  strength  of  the  mortar  iiiereasea  from  0  to 
1,80  parts  of  sand ;  and,  when  slaked  by  immersion,  tlte  mor- 
tar  of  a  like  paste  increases  in  strength  from  0  to  1.70  parts 
of  sand.  In  every  case,  when  the  dose  of  sand  was  increased 
beyond  these  proportions,  the  strength  of  the  resulting  raortar 
was  found  to  decrease, 

139,  Manipulations  of  mortar, — The  quality  of  hydrau- 
lic mortar,  whicli  is  to  be  immersed  in  water,  is  more  affected 
by  the  manner  in  which  the  lime  is  slaked,  and  the  ingredienta 
mixed,  than  that  of  mortar  which  is  to  be  exposed  to  the 
weather ;  although  in  both  cases  the  increase  of  strength,  by 
the  best  manipulations,  is  sufficient  to  make  a  study  of  them 
a  matter  of  some  consequence. 

140.  The  results  obtained  from  the  ordinary  method  of 
slaking,  by  sprinkling,  or  by  immersion,  in  the  case  of  good 
hydraulic  limes,  are  nearly  the  same.  Spontanemis,  or  air- 
slaking,  gives  invariably  the  worst  results.  For  common  and 
slightly  nydraulic  limcl  IL  Vicat  stiit4*s  that  air  slaking  yields 
the  best  results,  and  ordinary  slaking  the  worst. 

14L  The  ingredients  of  mortar  are  incorporated  either  by 
manual  labor,  or  by  machinery:  the  latter  method  gives  results 
superior  to  the  fonner.  The  machines  commonly  used  for  mix- 
ing mortar  are  either  the  ordinary  pug-mill  (Fig.  12)  employed 
by  brickmakers  for  tempering  clay,  or  a  grind iog-mill  (Fig*  13). 
Ohe  grinding-mill  is  the  best  machine,  oecause  it  not  only  re- 
duces the  lumps,  which  are  found  in  the  most  carefully  burnt 
stane,  after  the  slaking  is  apparently  complete,  but  it  brings  the 
to  the  state  of  a  uniform  stiff  paste,  which  it  should  re- 
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ceive  before  the  sand  is  incorporated  with  it.  The  same 
should  be  done  ^^th  respect  to  the  addition  of  cement,  or  of 
an  alkaline  silicate  to  the  lime  paste,  the  former  in  powder, 
and  the  latter  in  solution,  being  uniformly  sprinkled  over  the 
surface  and  then  thonuighly  incorporated  with  the  other  ma- 
terials by  the  action  of  the  mill.  Care  8h<inld  be  taken  not 
add  too  much  water,  particularly  when  the  raortar  is  to  be 
merged  in  water.  The  mortar-mill,  on  tliis  acconnt,  should 
be  sheltered  from  rain ;  and  the  quantity  of  water  with  which 
it  is  supplied  may  vary  with  the  state  of  the  weather.  Noth- 
ing seems  to  be  gained  by  cariying  the  process  of  mixing  be- 
yond obtaining  a  unifonn  mass  or  the  consistence  of  plastic 
day.     Mortars  of  hydraulic  lime  are  injured  by  long  expo- 
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sure  to  the  air,  and  freauent  turnings  and  mixings  witli  ii 
Bhcvel  or  spade;    those  of  comiBon  lime,  imdei  like  circiim- 


Fig:.  It  rppTPwnb*  «  TtTtfcml  wctfoo  ehrongli 
Uie  ajciA  of  a  n^ig-mill,  fur  mixing  or  teai< 
pining  mortar.— ThU  nsill  oonidiiLi  of  m 
{looped  TfiiMU  of  the  form  of  a  ccmJenl 
tnu^m,  wtilc^  fcc«in»  tfa«  Izigrodlentii, 
KDd  A  Tcrtlcftl  vbftft,  to  which  mrma  with 
iMth.  nMODblfiig  am  qntiovy  r«ke,  iir« 
attached,  for  tbe  parpow  oC  mixing  th« 
tngrtdlcfit&i 
A^  A,  fvcttoa  of  Rldoi  at  the  TeHttL 
B,  vertkml  «httft  to  which  tho  mrtsm  C  Vfi  af» 

flMd. 
D,  horlsontal  bar  for  girlog  a  dronlar  mo 

tion  to  the  abaft  B, 
Bt  iUla  of  timber  anpporling  the  mtlL 
B,  wTDfight-tron  otppon  throcisb  which  ttia 
opper  part  of  the  ilbaft  Phmk 


Btances  eeem  to  be  improved.    Mortar  which  has  been  set 
aside  for  a  day  or  two,  will  becorae  sensibly  firmer;  if  not 


Flip.  )8  reptTMentM  a  part  of  a  mill  for  cranhliiff  the  llsif 
and  temper!  D|r  tbe  mortar. 

A^  henry  wheal  of  tbnber,  or  out  Inm, 

B,  ItoriwntaU  bar  paattng  tbrongh  the  wheel,  whleb  «l 
one  <!xtF«nnit9'  la  flKod  lo  n  vertical  flhaft^  asd  la  air 
mnqt^  at  tiie  oiher  (0)  with  tha  proper  eroulDg  fov 
a  bonw. 

I>i  a  tdrcnlar  trrnigh,  *ith  a  trnpescddal  croaa  aodlon 
which  nK«lv«v  the  Ingredient*  to  be  mixtsd.  The 
tronM'H  ittAjr  he  frcm  30  to  30  feet  In  diazmttcr ;  abatat 
18  tnchr*  wide  at  top,  and  IS  incbea  deep ;  and  b« 
bntlt  of  hard  brick,  atone,  or  timl>er  laid  on  e  Ilrto 
found  fttlon. 


allowed  to  stand  too  long,  it  may  be  again  rcdoced  to  its 
clayey  consistencOj  by  simply  pounding  it  with  a  beetle,  w^ith- 
out  any  fresh  addition  of  water. 


Fort  Warren  Mortar  MllL— Tliis  mill  (Fip.  14)  which 
was  used  by  Col.  Tliayer  in  the  construction  of  I  ort  Warren, 
Boston  Harbor,  consists  of  a  circxilar  trough,  built  of  Ijriek, 
which  waa  fifteen  feet  in  diameter,  measured  bet%vecn  the 
centre  line  of  the  trough,  the  cross  section  of  wliich  (A)  wae 
thirty-three  inches  in  width  at  the  top,  tliirteen  inches  at  the 
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Dottora,  and  twenty-four  inches  deep.  The  brick  side-walla 
(AO  twelve  inches  thick  at  top,  and  ouilt  vertically  on  the  in- 
terior and  outside,  rested  on  an  annular  trench  of  concrete 


fig;  14    flcetloii  throti«ti  ttaje  mxia  of  tb«  Fort  Wmrva  Mortw  1 
Aj  Aonolftr  ^"oogh  for  mixing  tba  mortrnz, 
A%  Brick  sidMi  of  tntii^. 


B,  OeotnU  brick  otUiu1«f. 

O,  Anmilir  »pmc»  for  holdlog  llmo  In  putcc 

K  Sbait  worked  by  hofse  pow«r. 

F,  Wooden  troogb  lor  oonv^riog  VOoo  puttt  to  0* 

€K  Hone  track. 


one  foot  thick,  which  was  laid  on  an  annular  bed  of  broken 
etone,  two  feet  thick,  for  drainage. 

In  the  centre  of  the  circle  enclosed  by  the  trough,  a  verti- 
cjd  post,  surrounded  with  broken  stone,  encased  hy  a  brick 
cylinder  (B)  has  a  gudgeon  at  top,  around  which  the  horizon- 
tal shaft  (E)  turns,  that  gives  motion  to  the  wheel  (D)  for 
mixing  the  mortar. 

The  wheel  (D)  is  made  of  wood  on  the  sides  and  periphery, 
pjtfid  haa'  an  iron  tire  twelve  inches  broad  and  halt  an  inch 
^ick ;  the  interior  being  filled  with  sand  to  give  it  sufficient 
weight  to  grind  any  lumps  in  the  lime  to  a  paste.  The  diam- 
eter of  the  wheel  is  eight  feet,  and  thickness  eight  inches. 

The  radius  of  the  horse  track  for  working  the  wheel  is 
twenty  feet. 

The  annular  space  between  the  trough  and  the  brick  cylin- 
der in  the  centre  is  floored  with  concrete,  resting  on  a  bed  of 
broken  stone, 

Lieut.  W,  H.  Wright,  in  his  Treatise  an  Mortwts^  thus  de- 
scribes Xh^  use  made  of  this  annular  ring:  *'The  space  be- 
tween the  cylinder  and  trough  is  used  as  a  reservoir  for  the 
slaked  lime.  It  is  conveniently  diWded  by  means  of  movable 
radial  partitions  into  sixteen  equal  parts,'*  each  containing  tlie 
lixtecnth  part  of  a  cask  of  Ume  in  paste* 

A  woc»den  trough  (F)  leads  from  the  reservoir  where  the 
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lime  IB  slaked  and  converted  into  a  creamy  conBiBtence^  to  tlie 
aunular  ring  (C),  where  it  h  allowed  to  stand  as  long  as  pos- 
Bible  before  being  thrown,  with  the  requisite  quantity  of 
sand,  into  the  mill. 

The  malaxator. — Many  advantages  are  claimed  for  a  mill 
designed  bj  M,  Coignet,  recently  introduced  in  France,  and 
employed  in  mixing  b«Ston  agglom^r^  for  the  works  in  and 
about  Paris.  It  is  called  a  malaxator,  and  consists  of  tvrin 
screws,  having  their  helices  interlcsked,  and  turning  and  ex- 
erting their  force  in  the  same  direction*  This  maeSiine  may 
be  deecrib^id  as  follows ; 


Fig.  15. 


B     i 


A  IB  the  frame  of  the  machine,  having  at  the  upper  end  tho 
cross-pieces  B,  upon  which  are  monntecTthe  geannge,  and  at 
the  lower  part  the  cn^sa-piece  c  c\  upon  which  are  fixed  the 
re«tB  or  steps  for  the  lower  part  of  tne  helices  to  run  in. 

D  are  the  cores  of  the  nclices,  upon  which  are  fastened 
either  continuous  or  interrupted  blades  S  S  S,  forming  the 
thread  of  the  helix.  Continuous  blades  are  more  generally 
used. 

K  arc  wagon-wheels,  mounted  on  an  axle,  which  enable  tlie 
machine  to  he  transported  thereon,  and  which,  when  the  ma* 
chine  is  in  use^  serve  to  maintain  the  malaxator  at  its  proper 
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Inclination  (about  twenty-five  degrees).    The  brace  J  is  nsed 
tc  steady  the  malaxator, 

M  X  /?i  N',  gearings  of  any  kind  for  ^ving  motion  to  the 
helices,  either  by  eteain,  horse-power,  or  nano-power ;  y,  coni 
cal  sleeves  or  stoppers,  adjustable  upon  the  shafts  D,  for  re- 
gulating the  exodus  of  the  artificial  stone  paste,  and  by  re- 
tarding the  same,  inci^easing  tlie  pi-essure  and  malaxation  of 
the  pa&te  in  the  part  Q'  of  the  machine. 

Q,  l>ody  of  the  malaxator,  corresponding  in  shape  and  size 
to  the  helices, 

P,  receiving  chamber,  where  the  materials  enter  the  mal- 
as&tor. 

T,  sand  hopper,  with  its  adjustable  register  or  gate  tj  and, 
when  requiml,  a  sifting  apparatus ;  g\  sliding  gate,  to  allow 
of  the  draina^  of  the  macliine. 

S'  S',  feeding  screwSj  working  in  the  lower  part  of  the  two 
hoppers  R'  R',  the  one  for  lime,  the  other  for  sand,  or  any 
other  material  or  substance  to  be  introduced  into  tlie  artificial 
stone  paste,  and  feeding  the  same  to  the  chamber  P ; 
r  r*  /'  r*\  pulleys,  for  chains  or  belts  g,  for  transmitting  the 
movement  to  the  feeding  screws  S'  S' ;  t'  t'\  spur-wheel 
and  pinion  (changeable  for  others  of  different  relative  speed), 
for  regulatins:  the  exact  amount  of  the  two  substances  m  the 
hoppers  R'  k\  to  be  delivered,  in  so  many  turns  of  the 
helices,  into  the  receiving  chamber  P. 

Z  is  a  pipe  for  supplying  the  water,  for  wliich  thei'e  is  an 
overflow  at  AV.  The  sand  being  drowned  or  fully  saturated 
in  a  given  proportion,  by  varying  the  overflow  At^,  gives  the 
proper  amount  of  water  for  each  turn  of  the  helices. 

H  are  movable  wotxlen  sliafts,  which  are  placed  iu  proper 
straps  in  the  machine,  and  serve  to  hitch  or  harness  a  horse  to 
the  same  when  it  has  to  be  taken  from  one  place  to  another, 
making  it  a  perfect  wagon. 

The  advantages  claimed  for  the  malaxator  are  the  following : 

First.  The  apparatus,  having  the  receiving  chamber  P  upon 
the  ground,  is  fed  easily,  with  little  labor  ;  and  the  part  Q\ 
or  delivery,  being  elevated,  allo%v8  of  a  wheelbarrow  or  basket 
being  placed  under  to  receive  the  artificial  stone  paste.  This 
inclination  also  causes  a  more  powerful  malaxation,  by  retard- 
ing the  progress  of  the  matter,  owing  to  the  specific  gravity. 

Second.  The  gearings  are  out  of  me  way,  away  from  sand, 
water,  dust,  etc. 

Thii-d.  The  helices  having  their  blades  interlaid,  their 
action  npfm  the  materials  is  of  quite  a  differert  character  than 
when  said  helices  ai'6  not  thus  conjugated. 
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iifficiilt  to  obtaic  if  the  cotnpaneut  ingredients  had  been 
thrown  in  by  shovel  or  basketf  uk  at  a  time.  (See  JProfes- 
fional  Paper^^  Varm  of  Enyhieera^  No.  19). 

Another  fonn  of  mill^  which  ia  shown  in  Fig.  16,  has  been 
made  use  of  in  France  fur  mixing  certain  kui(£  uf  beton.  It 
consistB  of  a  vcilieai  cylinder  a  resting  on  a  cylindrical  base 
of  cast  iron  6.  A  vertical  shaft  c  passes  thix>ii^h  the  cylinder, 
having  attached  to  it  curved  arms  d^  which,  by  revolving 
horizontally,  serve  to  mix  the  sand  and  lime.  The  distributor 
Q  revolves liorizontally,  receives  the  sand  and  lime  which  oome 
from  the  conducting  trough  Ij  and  distributes  them  equally 
arotmd  fur  mixing.  Short  stationary  arms  E  E  are  attached 
to  the  side  of  the  cyliuder,  aud  form,  with  the  movable  arms, 
breaks  fur  dashing  and  mixing  the  sand  and  lime.  Three 
heUcoidal  blades  e  e^  attached  to  the  lower  part  of  the  shaft, 
force  the  mixture  downwards  and  outwards.  Cycloidal  arms 
ff^  revolving  horizontally  near  the  floor  of  tJie  cylinder,  expel 
the  mixture  at  the  side  opening  around  the  bottoTii.  A  mova- 
ble band  of  iron  G  G,  by  being  moved  up  or  down,  enlarges 
or  diminishes  the  opening  aixnnid  the  l>ottom.  A  A,  vertical 
guiding  shafts  for  movable  band,  H  EL,  handles  by  which 
3ie  band  G  G  is  moved.  A  plate  N  is  attached  to  c  and  re- 
volves horizontally,  receiving  the  mixture  from  the  cylinder. 
A  curved  plate  of  iron  L,  fixed  to  immovable  bottom-plate  P, 
scrapes  mixture  from  N  as  it  revolvet^. 

143.  Setting  and  durability  of  mortars.  Mortar  of 
common  lime,  w  ithout  any  addition  of  puzzulanaj  will  not  set  in 
humid  situations,  like  the  foundations  of  edifices,  until  after  a 
verv  long  lapse  of  time.  They  set  very  soon  when  exposed 
to  the  air,  or  to  an  atrans[)here  of  carbonic  acid  gas.  If,  after 
having  l>ecome  hard  in  the  open  air,  they  are  placed  under 
water,  they  in  time  lose  their  cohesi«>n  and  fall  to  pieces, 

144.  Common  mortars,  which  have  had  time  to  harden, 
resist  the  action  of  severe  frosts  very  well,  if  they  ai-e  made 
rather  poor^  or  with  an  excess  of  sand.  The  sand  should  be 
over  2.40  parts,  in  bulk,  to  one  vohime  of  the  lime  in  paste; 
and  coarse  sand  is  found  to  give  better  results  than  fine  sand. 

145.  Good  hydraulic  mortars  set  equally  well  in  damp 
Bituations,  and  in  the  open  air ;  and  those  which  have  harcl- 
ened  in  the  air  will  retain  their  liardne'is  when  immei-sed  in 
water.  They  als^o  resist  w^ell  the  action  of  frost,  if  they  have 
liad  time  to  set  before  exposure  to  it ;  but,  like  common  mortars. 
tbey  require  to  be  made  with  an  excess  of  sand,  to  withstand 
well  atmospheric  changes, 

14^,, The  smface  ol  a  mass  of  hydrauhc  mortar,  whethei 
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made  of  a  natural  hydraulic  lime  or  otherwise,  when  im- 
luersed  in  water,  becomes  more  oi'  less  d^raded  by  the  action 
of  tlie  water  upon  the  lime,  paiticularly  in  a  current.  \V1ieii 
tlie  water  is  stagnant,  a  very  thin  cruet  of  carbonate  of  lime 
forms  on  the  surface  of  the  mass,  owing  to  the  absiii-ptiun  by 
the  lime  of  the  carbonic  acid  gas  in  the  water*  Tliis  crust, 
if  the  water  be  not  agitated,  will  preserve  the  soft  mortar 
beneath  it  from  the  fartlier  action  of  the  water,  until  it  has 
had  time  to  become  hard,  when  the  water  will  no  longer  act 
upon  the  lime  in  any  perceptible  degi*ee, 

147,  Hydraulic  mortars  set  with  more  or  less  promptness,  i 
according  to  the  character  of  the  hydraulic  lime,  or  of  the! 

Suzztjlana  which  enters  into  their  corn  position.     Artificial  by- 
raulic  mortars,  with  an  excess  of  linie,  set  more  slowly  than 
when  the  lime  is  in  a  just  pi-oportion  to  the  other  ingi^edients. 

148,  The  quick-setting  hydraulic  limes  are  said  to  furnish 
a  moitar  which,  in  time,  acquires  neither  as  mucli  strength 
nor  hardness  as  that  from  the  slower-setting  hydraulic  limes* 
Artificial  hydraulic  mortars,  on  the  contrary,  which  set  quick- 
ly gain,  in  time,  more  strength  and  hardness  than  those  which 
set  slowly. 

149,  The  time  in  which  hydraulic  mortars,  immersed  in 
water,  attain  their  greatest  hardness,  is  not  well  asceitained. 
Mortal's  nmde  of  strong  hydraulic  limes  do  not  show  any 
appreciable  increase  of  hardness  after  the  second  year  of 
their  immersion;  while  the  best  artificial  hydraulic  mortara 
continue  to  harden,  in  a  sensible  degree,  during  the  third  year 
after  their  immersion. 

150,  It  is  found  from  experience  that  those  mortal's  which ) 
atuiin  the  highest  degree  of  hardness  on  the  surface,  absorb 
the  least  amount  of  water  and  ai'e  less  liable  to  injury  from 
frost  and  weather. 

151,  Theory  of  Mortars.  The  paste  of  a  hydrate,  either 
of  common  or  uf  hydraulic  lime,  when  exposed  to  the  air,  ab-i 
sorbs  carbonic  acid  gas  from  it;  passes  to  the  state  <»f  sub- 
carbonate  of  lime ;  without,  however,  rejecting  the  water  of 
the  hydrate,  and  gradually  hardens.  The  time  required  for 
the  complete  saturation  of  the  mass  exposed,  will  flepend  on 
its  bulk.  The  absorption  of  the  gas  commeiutes  at  the  surface 
and  proceeds  more  slowly  towards  the  centre.  Tlie  harden- 
ing of  mortal's  exposed  to  tlie  atinosphere  is  generally  attrib- 
uted to  this  absorption  of  the  gas,  as  no  chemical  action  oi 
lime  upon  quartzose  sand,  whicli  is  the  usual  kind  employed 
for  mortai-fe,  has  hitherto  beei*  detected  by  tlie  nn>8t  caref id 
e^eriments. 


The  dapth.  to  which  the  absorption  of  carbonic  acid  ex 
tends  in  hydraulic  lime,  and  also  in  Bomo  degree  the  hardening, 
decreases  as  the  hydraulic  energy  caused  by  tlio  Biliea  that 
enters  into  their  composition  is  tJie  greater. 

152.  With  regard  to  hydmiilic  mnrtai^,  it  isdifficnlt  to  ao* 
count  for  their  uardening,  except  upon  tlie  effect  which  the 
silicate  of  lime  may  have  upon  the  excess  of  eimple  hydrate 
of  uncombined  lime  contained  in  the  mass.  M.  Petot  sup- 
poeefi^  that  the  particles  of  silicate  of  lime  form  so  many 
centres,  around  which  the  nncombined  hydrates  gronp  thcm- 
flelves  in  a  crystalline  form;  becoming  time  sufficiently  hard 
to  resist  the  solvent  ai^tion  of  water.  With  respect  to  the 
action  of  quartzose  sand  in  hydranlic  mortars,  M.  Petot 
thinks  tiat  the  grains  prrnince  the  same  mechanical  effect  as 
the  particles  of  the  silicate  of  lime,  in  inducing  the  aggrega- 
tion of  the  uncombined  hydrate. 
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153.  This  terra  is  applied,  by  English  architects  and  engi 
neers,  to  a  mortar  of  finely-pulverized  qnick-lime,  sand,  and 
gravel.  These  materials  are  first  thoron^hlj  mixed  in  a  dry 
state^  sufficient  water  is  added  to  bring  the  mass  to  the  ordi- 
nary consistence  of  mortar,  and  it  is  then  rapidly  worked  up 
by  a  shovelj  or  else  piissed  through  a  pug-milL  TKe  concrete 
is  used  immediately  after  the  materials  are  well  incorporated, 
and  while  the  mass  is  hot. 

154.  The  materials  for  concrete  are  compounded  in  various 
proportions.  The  most  approved  are  those  in  which  the  lime 
and  sand  are  in  the  proper  proportions  to  form  a  gorMi  mortar, 
and  the  gravel  is  twice  the  bulk  of  the  sand.  The  fjravcl 
n&ed  shomd  be  clean,  and  any  pebbles  contained  in  it  larger 
than  an  eg<r^  should  be  broken  up  before  the  materials  are 
incorporated. 

155.  Ilot  water  has  in  some  cases  been  used  in  making 
concrete.  It  causes  the  mass  to  set  more  rapidly,  but  is  net 
otherwise  of  any  advantage. 
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156.  The  bulk  of  a  miiss  of  coDcrete,  when  firet  macl(5,  ii 
found  to  be  about  one-fifth  le&s  than  the  total  bulk  of  the  dry 
nmterialB.  But^  as  the  lime  slakes,  the  mass  of  concrete  is 
found  to  exmiiid  about  three-eighths  of  an  inch  in  height,  for 
every  fmitof  the  niafie  in  depth. 

157.  The  use  of  c<jncrete  is  at  present  mostly  restricfted  to 
fonnhig  a  solid  bed,  in  bad  aoils,  for  the  founJatioiis  of  edi- 
fices. It  has  also  been  used  to  form  blocks  of  ai'tificial  stone, 
for  the  walk  of  buildings  and  otlier  like  purposes ;  brit  ex- 
perience hns  shown  that  it  possesses  neither  the  durability 
nor  strength  requisite  for  structures  of  a  permanent  character, 
when  exptjsed  to  the  actiun  of  water,  or  of  the  weather. 

158.  BETON.  The  term  biton  is  applied,  by  French 
engineers,  to  any  mixture  of  hydraulic  mortar  with  fragments 
of  brick,  stone,  or  gravel ;  and  it  is  now  also  used  by  English 
enmneers  in  the  same  sense. 

169,  The  proportions  of  the  ingredients  used  for  b<5t(m  are 
varionslv  statecf  by  different  aatlioi-s.  The  sole  object  for 
which  tlie  gravel,  or  the  broken  stoue  is  used,  being  to  ol)tain 
a  more  economical  material  than  a  like  mass  of  hydraulic 
mortar  alone  would  yield,  the  quantity  of  broken  stone  sliould 
be  as  great  as  can  be  tbortuighly  united  by  the  !nortar.  The 
smallest  amount  of  mortur,  therefore,  tliat  can  be  used  for 
this  pnrpt>se,  will  bo  tlmt  wliich  will  be  just  equal  in  vcdmiie 
to  the  void  spaces  in  any  given  bulk  of  the  broken  stoue^  or 
gravel.  The  proportion  which  the  volntue  occupied  by  tlie 
void  spaces  !>eai*s  to  any  bulk  of  a  loose  matei-ial,  like  broken 
stone,  or  gravel,  may  be  readily  asccrtaiued  by  tilling  a  vessel 
of  known  capacity  witli  tlic  loose  material,  and  pouring  in  as 
much  water  as  the  vessel  will  coutaiiL  The  vtjlume  of  water 
thus  found,  will  he  the  same  as  that  of  the  void  spaces. 

Bdton  made  of  mortar  and  lu-okcn  stone,  in  which  the  pro- 
portions of  the  ingredients  were  ascertained  by  the  process 
just  detnailed,  has  been  foinul  to  give  satisfactory  results ;  but, 
m  order  to  obviate  any  defect  arising  from  imperfect  manip- 
ulation, it  is  usual  to  add  an  excess  fu  mortar  al)0ve  that  of 
the  void  spaces, 

160,  In  a  large  anifumt  of  concrete  used  for  the  foundation 
bed  and  backing  of  the  sea  walla  built  for  the  pn»tection  of 
the  islands  in  Boston  Harbor,  whir^b  was  compiBed  of  hydran- 
lic  mortar  made  with  salt  water  and  the  ctimmon  sbiiigle  of 
tlie  shores,  which  varied  in  size  from  tliat  of  a  pea  to  [>ebblefl 
of  Bix  inches  in  diameter,  tlie  prot>ortJous  used  for  the  foun* 
dation  bed  was  about  one  part  in  volume  of  stiff  mortar  to  thret 
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[arts  in  volume  of  shingle  for  the  fcniiidation  bed,  a^^d  two 
and  ©even-tentlis  parts  tor  tlie  backing  of  the  walls,  Ttie 
Btnall  and  large  pebbles  of  tho  shingle  wej*e  so  proportioned 
as  to  give  the  least  amonnt  of  void  space  to  be  filled  by  the 
njortar;  this  void  space  lieing  from  twenty  to  twenty-five  per 
f*ent  of  the  volume  of  shingle. 

The  materials  were  mixed  by  hand  ;  the  shingle  first  being 
spread  ont  npon  a  platform  or  rough  boards  to  tlie  depth  of 
fi'ora  eight  to  twelve  inches,  the  larger  pel^bles  on  top ;  the 
mortar  was  spread  in  a  layer  of  uniK)rm  thickness  over  this, 
and  tlie  whole  worked  up  with  shovels  and  hoes  until 
thoroughly  incorpiirated. — (Papei^s  on  Practical  Engineering, 
No.  2.     Report  of  CV>1.  S,  Thayer,  U.  S.  Corps  of  Lngineers.) 

In  the  hydraulic  concrete  used  upon  some  others  of  onr 
public  worka,  the  broken  fragments  of  gmnite  were  in  bulk 
about  If  tliat  of  the  hydraulic  mortar.  Besides  this,  otlier 
f rafirtnents,  from  a  quarter  to  three-quarters  of  a  cubic  foot  each, 
and  forming  about  one-twelfth  of  the  volume  of  the  concrete, 
weiiG  worked  into  the  layer  as  they  were  carried  up.  This 
pi-actice  is  a  very  usual  one  for  foundation  beds,  as  it  effects  a 
saving  of  cost 

The  best  and  most  economical  bcSton  is  made  of  a  mixture 
of  broken  stone,  or  brick,  in  fragments  not  larger  than  a 
hen*8  egg,  and  of  coarse  and  fine  gravel  mixed  m  suitable 
proportions. 

In  making  be  ton,  the  mortar  is  first  prepared,  and  then  in* 
coi'porated  with  the  finer  gravel;  the  resulting  mixture  is 
snread  out  into  a  cake,  4  or  0  inches  in  thickness,  over  which 
tfie  coarser  gravel  and  bniken  stone  are  mn'formly  strewed 
and  pressed  down,  the  w^hole  mass  being  finally  bi*ought  to  a 
homogeneous  state  with  the  hoe  and  shovel. 

Beton  is  used  for  tlie  same  purposes  as  concrete,  to  which 
it  is  superior  in  every  respect,  but  ])articularly  so  for  foun- 
dations laid  under  water,  or  in  humid  h^calities, 

16L  I3eton  made  of  small  fragments  of  stone  or  pebblea 
has  within  recent  vears  Keen  applied  to  the  construction  of  the 
walls  of  houses.  Vor  this  purpose,  the  concrete  is  laid  up  in 
layers  and  rammed  within  a  plank  boxing  having  an  interior 
width  equal  to  the  tliickness  of  wall.  Tlie  sides  of  the  boxing 
are  confined  by  vertical  posts  which  can  be  suitably  adjusted 
to  the  required  thickness  of  the  wal! ;  the  whole  being  sup- 
ported by  a  suitalde  scaffolding.  In  the  case  of  hollow  walfe, 
a  slip  of  board  of  the  thickness  of  the  reauired  hollow,  or 
void,  aid  slightly  wedge-shaped  to  admit  or  its  being  easily 
lemoveJj  is  laid  Horizontally  witliin  the  box,  and  the  layer  oi 
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ooncreto  rammed  well  in  aronnd  it ;  ordinary  brick  being  in- 
•orted  n*  tios  to  connect  the  interior  and  exterior  portions  of 
the  walK 

III  tf»e  8ewcr»  and  many  public  and  private  edifices  recently 
conatnicted  in  Paris  of  concrete,  the  pn>portiong  used  were 
one  part  in  volume  of  lime,  one  fourth  of  one  volume  of 
hydraulic  cement,  to  five  volumes  of  sand.  It  h  stated  that  in 
SIX  or  eight  hours  after  beginning  a  given  Icii^h  of  sewer  the 
centres  can  be  safelv  rem<*ved ;  and  that,  in  four  or  five  days 
after  a  section  has  been  completed,  it  can  be  opened  for  use. 
For  the  construction  of  arches,  the  ve^lume  of  cement  used  is 
doubled. 

Some  of  the  bnildings  above  referred  to  were  const nicted 
with  groined  or  cylindrical  arched  fire-proi)f  tliM»rs,  of  sp^ns 
fr<jm  nine  to  twenty-eight  feet,  the  rise  in  each  case  being  one 
tenth  of  the  span  ;  the  thickness  of  the  arches,  at  the  crown, 
varying  from  nve  and  a  half  to  fourteen  inches* 

"fhe  crushitig  weiglit  of  this  concrete  is  nearly  fifty-four 
hundred  pounds  to  the  square  inch ;  the  tenacity  about  five 
han<lred  jjounds. 

162.  An  artificial  sandstcme,  termed  Bdifm-Coi^n^f  from 
the  inventor,  is  very  extensively  manufactured  and  us^ed  in 
France  for  all  building  purfjoses,  as  foundations,  walls^  light 
arches,  etc.  It  sets  ana  hardens  in  a  com|>aratively  short  time, 
ItH  ct>!ifttituents  are  clean  river  t^and  fiTini  four  to  live  parts  in 
volume;  common  or  hydraulic  lime  one  part  in  volume; 
hydraulic  or  artifi4'ial  Portland  cement  from  one-quurter  to 
tliree-quarters  of  one  part  in  volume ;  water  variable,  hut  only 
enough  to  moisten  tne  4>ther  materialB  and  cause  them  to 
cohere.  Coarse  sand  from  one  twentieth  to  three-twentieths 
of  an  inch  in  dianjeter  is  euid  to  give  the  best  results;  tlie 
finer  sands  requiring  more  care  in  the  preparation  of  the 
concrete  and  m  packing  it  when  laid  to  secure  great/cr  so- 
Udity. 

163,  In  preparing  the  concrete  the  lime  and  sand  are  made 
into  heaj>8  of  about  one  cubic  yard  in  %^olume  in  alternate 
layers  of  the  two  ingredients.  Each  heap  is  then  worked  up 
dry  with  the  Blioveh  In  this  state  it  is  ueMvered  hy  suitulile 
machinery,  like  that  for  mising  graiiij  into  the  top  of  a  pug- 
mill  of  a  cylindrical  body  formed  f>f  boiler  iron.  The  re  vol  v 
ing  vertical  shaft  of  the  mill,  w^iich  is  driven  by  steam  oi 
animal  power,  has  curved  arms  aflixed  horizontally  to  it,  tlic 
two  lower  arms  being  c»f  suitable  forms  to  press  the  mixed 
material  downwards,  and  expe!  it  through  an  apertum,  where 
it  is  received  int(^  boxes^  or  liand  barrows,  and  conveyed  to 
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where  it  is  to  be  laid  or  monldecL  The  water  for  the  mixing 
16  either  thmwii  iti  as  needed,  by  hand  into  tJie  top  of  the 
mill,  or  else  gnpplied  by  a  cireolar  trough  perforated  with 
holes,  which  h  placed  around  the  inside  of  the  mill  at  t^>p. 
"When  cement  is  one  of  the  ingredients,  it  is  first  made  into  a 
Biiitable  paste  with  water,  and  then  added  to  the  others,  from 
a  vessel  over  the  top  of  the  mill,  from  which  it  is  poui-ed  in  a 
nniform  manner,  and  in  the  requisite  aniount. 

164^  Fur  all  ordinary  work,  one  passage  through  the  pug* 
mill  is  sufficient,  but  where  greater  thoroughness  in  the  mix- 
ture is  a  i-equisite,  the  concrete  may  be  passed  through  the 
mill  a  second  time. 

165.  Tl»e  concrete  when  laid  or  moulded  is  put  in  in  suc- 
cseeaive  layers,  from  one  to  three  inches  in  thickness,  and 
packed  moderately  by  hand  with  pestles  weighing  frora  fif- 
teen to  thirty  pounds. 

168.  To  increase  the  rapidity  of  the  setting,  when  necessary, 
the  materials  may  be  heated,  in  process  of  mixing,  by  a  spi- 
ral  tul)e  or  worm,  thi-ough  which  heated  hir,  ste^ra^  or  hot 
water  is  caused  to  circulate. 

167.  Among  other  artificial  conglomerates,  that  known  as 
Eansome's  ailificial  stone,  from  the  name  of  the  inventor,  is 
now  coining  into  u&e  in  England.  Tliis  material  c^msists  of 
clean  river  sand  the  grains  of  which  are  cemented  with  the 
gili<j^te  of  lime.  To  effect  this  union  a  silicate  of  &c»da  is 
formed,  by  digesting  ctnnmon  flints  in  a  &<j»lution  of  caustic 
&>da,  in  iron  air-tigBt  cylindrical  vessels,  by  means  of  steam, 
under  a  pressure  or  seventy  pf>unds,  which  circulates  through 
a  coil  of  iron  pipes.  The  sand,  after  being  thoroughly  dried, 
is  mixed  with  a  sufficient  volume  of  finely  ground  carbunat6 
of  lime  to  till  the  voids  between  tlie  grains.  To  each  bushel 
of  this  mixture  a  gallon  of  the  silicate  is  added,  and  the 
whole  thoroughly  mixed  in  a  loam  milL  The  mixture  is  then 
moulded,  ana  immediately  after  the  solution  of  the  chloride 
of  calcium  is  thrown  over  it  with  ladles  j  the  mtuihled  blocks 
are  then  immersed  in  the  solution,  in  open  tanks,  which  is 
kept  boiling,  by  steam  parsed  through  it  in  mpes,  for  several 
honi-s,  according  to  the  size  of  the  t4ocks.  This  process  ex- 
pels any  air  that  may  have  been  retained  in  the  blocks  and 
facilitates  the  fc<nning  of  the  silicate  of  calcium.  The  block 
is  then  taken  out  ana  the  cldoride  of  S4:Kiinm,  that  has  l^een 
formed,  thoroughly  washed  out  with  fresh  water  poured  over 
the  blc»ck. 

This  artificial  stone  is  found  to  be  very  hard,  and  some 
qiecimens  to  have  offered  as  great  a  resistance  to  rupture,  hj 
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eompreeeion  and  extansioTi,  as  the  best  sandstones  and  roar 
bfee. 

168.  General  Gillmore  in  his  Report,  Prof^stnonal  Pajters. 
Corpn  of  Erujin4iST»y  No.  19,  givca  tlie  following  accuimt  ut 
b^tun-Coignet  or  agglomei-e. 

Bolon  Agglomere.  Tliia  name  is  given  to  a  b^ton  of 
very  superior  quality,  or,  more  properly  ©peaking,  an  artilicial 
stone  or  great  strength  and  liardneBS,  which  has  reif^ulted  fmm 
the  experiments  and  roscarehcs,  extending  tlirough  many 
years,  of  M.  Francois  Coignet,  of  Paris, 

Tiie  essential  conditions  which  must  be  carefidly  ob^rved 
in  making  this  beton  are  as  follows: 

F^rsL  Only  materials  of  the  firet  excellence  of  their  kind, 
whether  common  or  hydraulic  lime,  or  hydraulic  cement,  can 
be  used  for  the  matrix, 

Set'oniL  Tlie  quantity  of  water  must  not  exceed  what  is 
barely  Bufficient  to  convert  the  matrix  into  a  stiff,  viscous  paste. 

Taird.  The  matrix  must  be  incorporated  with  the  Bolid 
ingredients  by  athnroui^h  and  prolonged  nn'xing  or  trituration, 
producing  an  artificial  stone  paste,  decidedly  incohei*ent  in 
character  until  cnmpacled  by  pressure*  in  which  every  gmin 
of  sand  and  gravel  is  completely  coated  with  a  thin  film  of 
the  paste.  There  nuiBt  l>e  no  excess  of  paste  when  the  matrix 
is  common  lime  alone.  With  hydraulic  lime  this  precaution 
is  less  important,  and  with  good  cement  it  is  unnecessary. 

Fo-urth.  The  btHon  or  ai-tificial  stone  is  formed  by  thorongh* 
ly  ramming  the  stone  paste,  in  thin,  successive  layers,  witli 
iron-shod  ram m el's. 

169.  The  materials  employed  in  making  his  b^ton  are 
sand,  common  iime,  hydraulic  lime,  and  Portland  cement. 

Tiie  sand  should  he  as  clean  as  that  ordinarily  required  for 
mortar,  fur  stone  or  brick  ma'*onr>*  of  good  quality.  Sand 
containing  5  or  0  per  cent,  of  clay  may  bo  used  without 
washing,  iuv  common  work,  by  proportionally  increasing  the 
amount  of  matrix.  Either  fine  or  coarse  sand  will  answer, 
or,  preferably,  a  mixture  of  both,  containing  gravel  m  large 
as  a  small  pea,  and  even  a  small  propt^i-tion  of  pcbliles  as 
large  as  a  hazel  nut.  There  is  an  advantage  in  mixing 
several  sizes  together,  in  such  projiortion  as  shall  reduce  the 
volume  of  voids  to  a  nnnimtim.  Coai^e  s^aud  makes  a  harder 
and  stronger  boton  than  lino  sand.  The  extremes  to  he 
avoided  are  a  trwi  minute  subdivision  and  weakening  of  the 
matrix,  by  the  use  of  fine  sand  only,  on  the  one  hand,  and  an 
undue  enlargement  of  the  volume  of  voids,  by  the  exclusive 
use  of  coai"8o  sand,  on  the  other. 
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Tlie  silicions  sands  are  considered  the  best,  though  all 
inds  ait  employed.     AVheii  giiecial  results  are  desired  in  the 

y  of  strength,  textnre,  or  color,  the  sand  slioiild  be  selected 
Accoi^dingly. 

170.  The  enmnion  lime  should  be  air-slaked,  or,  better 
still,  it  may  be  slaked  by  aspersion  with  the  minimum 
uuantitT  of  water  that  will  reduce  it  to  an  impalpable  pow- 
den  it  should  be  passed  through  a  tine  wire  screen  to 
exclude  all  lumps,  and  used  witliin  a  day  or  two  after 
slaking,  or  else  kept  in  boxes  or  barrels  protected  from  the 
atmosphere. 

It  is  scarcely  practicable,  under  ordinary  circumstances, 
to  employ  fat  lime  alone  as  the  mati*ix  of  bcton  agglouKSi*^, 
particularly  iu  monolithic  constructions,  in  consequence  of  its 
tardy  induration.  Even  when  used  in  combination  with 
hydraulic  lime  or  cement  it  acta  as  a  diluent. 

17L  Attempts  to  make  b<iton  of  even  average  quality 
without  good  hydraulic  ingredients,  have  failed  in  the  united 
States ;  and  it  is  extremely  doubtful  whether  any  character- 
istic excellence  can  be  attained,  after  the  lapse  of  weeks  or 
even  months,  by  a  mixture  of  tliis  chai-aeter. 

172.  The  m<^>8t  suitable  hydraulic  Hrnes  are  those  derived 
from  the  argillaceous  limestones,  iu  contradistinctifm  to  the 
magnesian  or  argillo-nia^nesian  varieties,  Tliese  limestones 
cniitaiTi  before  biiniing  from  15  to  25  per  cent.^ — geTterally 
less  tlian  20  per  cent— of  clay.  After  burning,  die  lime  is 
ilaked  to  powder  by  aspersion  with  water,  and  sifted  to 
exclude  unslaked  lumps. 

Hydi-auh'c  lime  cannot  be  considei'ed  an  essential  ingre- 
dient of  b<5ton  agglom^im,  except  in  comparison  with  common 
lime.  It  may  be  aUofrether  replaced  by  gocid  hydiTiulic 
cement,  or  it  may  be  used  alone,  or  mixed  with  common  !irae, 
to  the  entire  exclusion  of  cement.  A  stiff  paste  of  this  lime 
ahould  set  in  the  air  in  from  ten  to  fiiteen  hours,  and 
sustain  a  wire  jx)int  one-twenty-fourth  of  an  inch  in  diameter, 
loaded  ^vith  one  pound,  in  eighteen  to  twenty-four  hours. 
Its  energy,  and  therefore  its  value,  varies  directly  with  the 
amount  of  clay  which  it  contains,  wliich  generally  will  not 
exceed  20  per  cent,  before  burning,  although  it  may  reach  25 
per  cent.  J3eyond  tliis  point  tlie  burnt  stone  can  seldom  be 
reduced  by  slaking  and  becomes  a  cement. 

No  hydraulic  lime  of  tliis  variety  has  ever  been  manufac- 
tured in  the  United  States,  It  is  not  known  tliat  stone  suit- 
able for  it  exists  here. 

IIB,  The  heavy  slow-setting  Portland  cements,  natural  or 
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nrtifieial,  are  the  only  ones  suitable  for  Mton  agglom^r^ 
They  are  inaiiiifactui-ed  extensively  throughout  Europe. 

This  cement  is  proilueed  bj  burning,  with  a  heat  of  great 
inteuBity  and  dumtion,  argillaceous  limestones,  containing 
fjrm  20  to  22  per  cent  ox  clay,  or  an  artificial  mixture  or 
(saibonate  of  lime  and  clay  in  similar  proportions,  and  then 
reducing  the  product  to  fine  powder  between  millstones.  In 
tliis  condition  its  weight  should  not  fall  short  of  101  pounds 
and  will  seldom  exceed  128  pounds  to  the  bushel,  poured  in 
loosely  and  struck,  without  being  shaken  down  or  compacted* 
Between  these  limits  additional  weight  may  alwa^^s  be  con- 
ferred in  the  burning,  by  augmenting  the  intensity  and 
duration  of  the  heat ;  and  both  the  tensile  strength,  and  the 
time  required  to  aet^  increase  directly  with  the  weiehL  For 
example,  a  Portland  cement  weighing  100  pounos  to  the 
United  States  busliel,  that  will  set  in  half  an  hour,  and  sus- 
tain when  seven  days  old  a  tensile  strain  of  200  pounds  on  a 
sectional  area  of  one  square  inch,  would  have  its  time  for 
setting  increased  to  four  or  five  hoars,  and  its  tensile  strength 
to  about  400  pomids,  if  burnt  to  weigh  124  pounds  to  the 
bushel.  An  increase  in  weight  of  24  pounds  to  the  bushel 
nearly  doubles  the  ultimate  tensile  strength  of  Portland 
cement. 

liThen  the  matrix  of  Wton  agglom^r^  is  Portland  cement 
alone,  it  is  customary  to  prolongtne  process  of  ti*ituration,  in 
order  to  retard  the  set ;  or,  if  more  convenient,  the  mixture 
may  be  passed  through  the  mill  twice  or  even  three  times, 
witli  an  interval  of  an  hour  or  more  between  each  mixing. 
This  coin-se  is  specially  desirable  when  the  cement  weiglia 
less  than  100  hundred  pounds  to  the  bushel,  and  is  correspond- 
ingly quick-setting 

174.  English  engineers  generally  require  that  the  oeraent 
shall  be  ground  so  fine  that  at  least  90  per  cent,  of  it  shall 
pass  a  No*  30  wire  sieve,  of  36  wii-es  to  the  lineal  inch,  and 
shall  weigh  not  less  than  106  p<:>unds  to  the  struck  bushel, 
when  loosely  poured  into  the  measure.  ^\nien  made  into  a 
stiff  paste  without  sand,  it  should  be  capable  of  sustaining 
without  rupture  a  tensile  strain  of  4^)0  pounds  on  a  sectional 
area  1^  inch  square,  or  2^  square  inches  (eijual  to  178 
pounds  to  the  sectional  square  inch),  seven  days  after  being 
moulded  the  sample  being  immersed  six  of  these  days  in 
fresh  water. 

175.  Experience  has  repeatedly  demonstrated,  and  they 
have  bec<3jne  well  recognized  facts,  that  in  order  to  obtaio 
uniformly  good  b^ton  or  artificial  etono,  with  sand,  and 
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rther  hydraulic  lime  or  Poitlaiid  cement,  or  both,  it  is  ncees- 
eary— 

I^rst  To  regulate,  in  a  Bystematic  maimer,  the  amount  ^f 
water  employed  in  the  manufacture  thereof. 

Second.  To  obtain,  with  a  minimum  quantity  of  water,  the 
cementing  material  or  matrix  in  a  state  of  plastic  or  vieconR 
paste. 

Third.  To  cause  each  grain  of  sand  or  gravel  to  be  entire- 
ly lubricated  with  a  thin  "film  or  coating  of  this  paste  ;  and 

Fourth,  To  bring  each  and  every  grain  into  close  and  inti- 
mate contact  with  thtise  whicli  surround  it. 

It  is  also  equally  true,  that  the  best  results  possible  to  be 
produced  fn>iu  any  given  inateriala  ^vill  be  attained  when  the 
above-named  conditions  ai'c  enforced, 

176.  It  is  irn]x>ssible  to  produce  a  cementing  material,  of 
suitable  quality  for  beton  agglom^i'^,  by  tlie  ordinary  meth 
ods  and  inacliinery  used  for  making  mortars ;  for  if  we  take 
the  powder  of  hydmulic  lime  or  Portland  cement,  and  add 
the  quantity  of  %vater  necessary  to  convert  it  into  a  paste  by 
the  usual  treatment,  it  will  usually  contain  so  much  moistui-e, 
even  after  being  incorporated  with  the  sand,  that  it  caniu>t  be 
compacted  by  ramming,  but  will  yield  under  the  repeated 
blows  of  the  rammer  like  Jelly.  l|  the  quantity  of  water  be 
reduced  to  that  point  which  would  render  the  mixture,  with 
the  usual  treatment,  BUBceptible  of  being  thoroughly  compact- 
ed by  rammers,  much  or  the  cementing  substance  will  re* 
main  mom  or  less  ineit,  and  will  perform  but  indifferently 
well  the  functions  of  a  matrix. 

177.  To  prepare  the  matrix,  there  is  taken  of  the  hydran- 
lie  lime  or  cement  pcjwder,  say  one  hundred  parts,  b}'  meas- 
ure, and  of  water  nx)m  thirty  to  thirty-five  or  forty  parts, 
which  should  be  the  smallest  amount  that  will  accomplish 
the  object  in  view.  These  are  introduced  together  into  a 
suitable  mill,  acting  upon  the  materials  by  both  compression 
and  friction,  and  are  subjected  to  a  thorough  and  prolonged 
trituration,  until  the  result  is  a  plastic,  viscous,  and  sticky 
paate,  of  a  peculiar  character,  in  both  its  physical  appearance 
and  the  manner  in  which  it  comports  itself  under  the  subse* 
quent  treatment  with  rammers.  There  would  appear  to  be 
no  mystery  in  this  part  of  the  process,  yet  the  excellence  of 
the  beton  agglomtSm  is  gi-eatly  dependent  on  its  proper 
execution. 

If  too  miuih  water  be  used,  the  mixture  cannot  be  suitably 
mmmed  ;  if  toc>  little,  it  will  be  deficient  !n  strength. 
178    The  sand  should  be  deprived  of  surplus  moisturei 
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altboQgh  tt  ift  not  tiooeeBary  that  it  be  abeolutelj  dry.  A  oni 
form  state  of  raoistnre  or  dryness  sliouM  be  aimed  at,  in 
order  that  the  proper  quantity  of  water  may  be  added  with 
certainty. 

179.  l*he  matrix  in  paste,  and  the  sand,  having  been  mix- 
ed together  in  the  deaired  proportions  (given  hereafter),  are 
then  introduced  into  a  powerful  mill,  and  subjected  to  a 
tboroQgh  and  energetic  trituration  until,  without  me  addidoo 
of  more  water,  the  paste  presents  the  desired  d^ree  of  homo- 
geneity and  plasticity. 

When,  for  any  special  purpose,  it  is  desired  to  introduoe 
into  t]ie  mixture  a  quantity  of  Portland  cement,  in  order  to 
iliereaee  the  hardueee  or  tlie  rapiditv  of  induration,  it  bad 
belter  be  added  during  the  process  of  t  nturation,  mixed  with  the 
requisite  increment  of  water,  so  that  after  proper  mixing  the 
whole  material  will  present  the  appearance  or  a  short  pastep 
or  paslj  powder,  whiob  is  quite  characteristic  of  this  proeen 
of  manipniatioii. 

In  orainarv  practice^  when  aand  and  hydranlic  lime  only 
af«  employed,  it  will  be  fmmd  to  answer  verj  well  to  mix 
the  two  together  dry,  witb  shoTels,  and  then  sciread  them  out 
on  the  floor  and  sprinkle  them  with  the  requisite  minimum 
amount  of  water.  The  dampened  mixture  ia  then  aboTeled 
into  the  mill  and  triturated^  as  already  described. 

When  a  portion  of  Portland  cement  is  used,  it  may  abo  be 
incoTBoratea  with  the  father  ingredients  beftm  the  water  b 
addeo,  or  intitidiiced  into  the  mixture  in  the  mill,  as  may  be 
preferred. 

When  Portland  akme  h  used  for  tiia  matrix^  the  prooem  h 
the  nme  as  when  Untie  akme  is  used,  except  thai  the  tritnra- 
tioo  ^oald  be  more  prokxiged,  especially  if  Qm  cement  be 
rather  light  and  qnick-setting; 

HaTtiig  both  eoually  at  oommand,  the  following  propor* 
tiene  are  emDlo^ea  for  direra  pnrpoees^  aceordtng  to  circmn- 
•  stances  and  m  quality  of  the  materials : 
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are  suitable  for  oniameiited  blocks,  reqiiiiing  remov^al  and 
baudling  a  daj  or  two  after  beiug  made. 

It  may  sometimes  happen  that  ttx>  much  water  has  been 
iutnxiuced  in  the  nreparation  of  the  paste.  A  proper  correct- 
ive, in  giich  case,  i9  tlie  introduction  into  the  rmll  or  a  eiiitable 
quantity  of  each  of  the  ingredients,  mixed  togetlier  dry  in  the 
reqiiired  prnportions. 

By  eraploving  none  but  white  sand  and  the  lighter-colored 
varieties  of  lime  and  cement,  a  stone  closely  imitating  white 
marble  may  be  made,  while,  by  the  introduction  of  coloring 
matter  into  the  paste,  such  as  ochres,  oxides,  carbonates,  etc., 
or  fragments  of  natural  stones,  any  variations  in  shade  or  tex- 
ture may  be  piHKiuced,  fR>m  the  most  delicate  buff  and  drab, 
to  tlie  darkest  grays  and  browns. 

In  some  cases  it  may  be  found  moi-e  convenient  to  measure 
the  ingredients  directly  int«  the  mill,  alternating  with  the 
different  materials,  in  regular  order,  using  for  the  purpuse 
measures  of  various  sizes,  cori^esponding  with  tlie  required 
proix>rtions. 

when  it  is  specially  desirable  to  obtain  stone  of  the  maxi- 
mum degree  ot  strength  and  hardness,  the  paste  may  be  re- 
turned a  second  or  even  a  third  time  to  the  mill,  but  in  all 
cji^s  the  mass  must  be  brought  to  the  characteristic  state  of 
incoherent  pasty  powder,  or  short  paste. 

180*  The  materials,  after  being  mixed  to  a  state  of  pasty 
i>owder,  have  to  be  agglomerated  in  moulds,  in  order  to  become 
tK^ton  or  artificial  stone.  In  other  words,  the  grains  of  sand 
and  gravel,  each  coated  all  over  with  a  thin  film  of  the  matrix 
— entirely  exhausting  the  matrix  thereby — have  to  be  brought 
into  close  and  intimate  contact  with  each  otlier.  Tliis  is  ac- 
complished by  ramming  the  paste  in  thin,  successive  layers, 
in  a  mould  of  tlie  form  and  dimensicns  required  for  the  stone, 
and  made  so  as  to  be  capable  of  sustaining  hea^y  pressui'e 
from  within,  and  of  being  taken  apart  at  pleasure. 

Into  tills  mould,  supposing  it  to  be  for  a  detached  building 
block,  and  not  for  monolithic  masonry,  a  quantity  of  the  stone 
paste  is  thrown  witJi  a  shovel,  and  spread  out  in  a  layer  from 
1^  to  2  inches  thick.  It  is  then  thoroughly  compacted  by  the 
repeated  and  systematic  blows  of  an  iron  shod  rammer,  until 
tlie  stratum  of  material  is  reduced  to  about  one-tliird  its  origi- 
nal thickness,  \VTien  this  is  done,  its  surface  is  scratched  or 
roughened  up  with  an  iron  rake,  in  order  to  secure  a  perfect 
bond  with  the  succeeding  stratum,  and  more  of  the  material  is 
added  and  packed  in  tlie  same  manner.  This  process  is  con- 
tinued imtil  the  mould  is  fuU,     The  upjer  surface  is  then 
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itnick  with  a  straiffht-ed^,  and  smoothed  o£f  with  a  trowe\ 
after  which  tJie  full  moiild  may  at  once  be  turned  o^er  on  a 
bed  of  sand,  and  the  bottom,  eide,  and  end  iiieces  removed. 
The  blm^k  is  then  finished*  If  small,  such  as  one  man 
can  handlej  it  may  be  safely  removed  after  one  day.  Larger 
pieces,  like  gills,  lintek,  steps,  platforms,  etc.,  should  be  allowed 
a  longer  time  to  harJeOj  in  consequence  of  their  greater 
weight. 

In  case  of  monolithic  masonrj^,  the  moulds  usually  consist 
of  a  series  of  planks  placed  one  above  the  other  horizontally, 
and  supp<:)rted  against  exterior  uprights,  so  arranged  as  to  give 
the  required  form  to  the  work  under  construction.  These 
planks  are  raised  up  as  the  wall  progresses,  so  that  each  day's 
work  shall  unite  intimately  with  that  of  the  previous  day,  pro- 
ducing a  suiooth  and  even  surface,  without  joints,  ridges,  or 
marks  of  any  kind. 

A  characteristic  property  of  this  stone  paste,  when  prop- 
erly mixed,  is  that  it  does  not  assume  a  jelly-like  motion  when 
rammed. 

Its  degi-ee  of  moisture  mu&t  be  precisely  such  that  the  effect 
of  each  blow  of  the  rammer  shall  be  distinct,  local,  and  per- 
manent, without  diBturbingthe  contiguous  material  compacted 
bv  previous  blows.  If  it  be  too  muist,  the  majss  will  shake 
like  wet  clay,  and  if  it  be  too  dry,  it  will  break  up  around  the 
rammer  like  8and.  In  either  case  the  materials  cannot  be 
compacted  and  agglomerated  in  that  manner  and  to  that 
deo^ree  which  is  characteristic  of,  and  peculiar  to,  b^ton  agglo- 
mer^. 

In  monolithic  buihiingB  of  this  beton,  it  is  customary  to 
construct  all  the  tluee,  pipes,  and  other  opem'ngs  for  heating 
and  ventilating,  and  for  conveying  water,  gas,  and  smoke,  in 
the  thickness  of  the  wall,  by  using  movahre  cores  of  the  i*e* 
quired  size  and  form,  around  which  the  material  is  packed. 
As  the  ^\'ork  progresses  the  cores  are  moved  up. 

Oinamental  work  of  simple  design  may  be  placed  upon  the 
exterior  of  the  l)uiUling,  by  attaching  the  moulds  to  the  plank- 
ing which  gives  forn*  to  the  wall. 

More  elalx>rate  designs,  especially  if  they  are  of  hold  relit^f, 
like  cornices,  and  hmms  for  windows  and  doors,  had  better  be 
moulded  in  detached  pieces  some  days  in  advance,  ar.i  huieted 
into  position  when  required. 

181.  All  kinds  of  masonry  in  thin  walls,  whether  of  brick, 
stone,  common  concrete,  or  b<iton  agglom(Sr(S,  are  liable  to 
crack  from  unequal  settlement,  or  from  the  expan rtuu  and 
contraction  due   to  ordinary  changes  of  temperature,     lu 
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honaesi  sncli  cracks  are  more  to  be  apprehended  at  the  to  en- 
tering angles  of  the  exterior  walls,  ana  at  the  junctions  of  the 
exterior  and  partition  walls,  than  elsewhere.  In  concrete  or 
b^ton  maflotiry  such  cracks  inay  lie  prevented  in  a  great 
measure,  \rithoiit  inconvenience  and  at  a  nominal  cost,  by  eto- 
beddiDg  and  incorporating  in  the  work  as  it  progresses, 
at  the  angles  and  jimctioris  referred  to,  pieces  of  old  scrap- 
ipon  of  irregular  shape,  such  as  Ixjlts,  rings,  hooks,  clamps, 
wire,  etc. 

Any  masonry  of  fair  qnality,  constructed  in  large  masses 
with  special  reference  to  inertia,  whether  to  insist  the  thrusts 
of  earthen  embankments,  the  statical  pressure  of  water,  the 
force  of  the  current  in  running  streams,  or  for  any  other  pur- 
pose, Dossesses  a  degree  of  ultimate  strength  much  greater 
than  me  UBual  factor  of  safety  would  reqmre,  and  largely  in 
excess  of  any  strain  that  it  would  e%'er  have  to  sustain.  This 
excess  of  strength,  or  rather  the  material  which  confers  it,  may 
be  readily  saved  in  works  built  of  btSton  agglomere,  by  leaving 
large  hollows  or  voids  in  the  heait  of  the  wall,  and  filling  them 
up  with  sand  or  lieav^  eartk 

Even  if  the  voids  remain  unftlled,  a  hollow  wall  is  more 
stable  than  a  solid  one  containing  the  same  quantity  of  ma- 
terial, for  the  reason  that  the  moments  of  thi;  forces  which 
confer  stability  are  greater  in  the  former  than  in  the  latter. 

182.  Durability-  The  densest  raortJirs  tliat  can  be  pro- 
duced from  given  materials  are  the  best,  and  the  use  of  a 
large  amount  of  water  is  incompatible  with  the  condition  of 
density. 

The  best  pointing  mortar,  indeed,  is  a  b^ton  aggloradrd,  an- 
iwering  fully  to  the  description  of  that  material,  being  pre- 
pared with  a  small  proportion  of  water,  and  applied  by  caulk- 
ing it  into  the  joints,  in  northern  climates  it  has  to  sustain 
the  severest  teats  to  which  masonry  of  any  description  can  be 
exposed ;  to  alternations  of  cold  and  heat,  moisture  and  dry- 
ness, freezing  and  thawing. 

B^ton  agglom^ni,  when  the  volume  of  matrix  is  so  adjsuted 
that  the  voids  in  tlie  saiid  are  completely  filled — say  m  the 
proportion  genemlly  of  one  of  the  matrix  to  two  and  a 
nail  c»r  three  of  sand — becomes  in  process  of  tijiie  as  imper- 
vious to  water  as  many  of  the  compact  natural  stones,  while 
its  matured  Bti-ength  exceeds  that  of  the  best  qualities  of 
&and:!itone,  some  ot  the  granites,  and  many  of  the  limestonoa 
and  marbles. 

Chemical  tests  have  shown  this  beton  to  be  practicftlly  ira 
|ienrious  to  water. 
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Thig  nmterialj  therefore,  posseaees  all  the  characteriBtic 
properties  of  durability,  being  dense,  hard,  strong,  and  hoino 
geneoiis;  and  there  would  appear  to  be  no  i-eastjn  for  8iipm>6- 
ing  that  it  may  U(.»t,  with  entire  safety,  !»e  applied  to  out-ai»or 
constructions,  even  in  the  mo&t  noilJierly  jK»i'tions  uf  the 
United  States, 

It  h  injured  by  freezing  before  it  has  had  time  to  get.  Im- 
p<»rtant  works  Bnuuld  not,  therefore,  be  executed  during  the 
w^inter  in  cold  climates. 

The  effect  of  freezing  on  newlv  made  b^ton  h  to  detach  a 
thin  Bcalo  from  the  exp(>&ed  smlace,  producing  a  rough  and 
unsightly  appearance  ;  but  the  injury  does  not  extend  into  tlie 
mass  of  the  material,  nnle^  the  froat  l)e  very  intontie. 

In  monolithic  constructions,  tlie  i>!ank  coffre  affords  suffi* 
cient  protection  to  the  face  sm-face^  of  the  work  against  ni<jd- 
erate  froBt,  and,  when  the  temperature  ranges  generally  not 
much  lower  than  the  fi'eezing  point  during  the  day,  work 
may  he  safely  carried  on,  if  caj*c  be  taken  U)  cover  over  the 
new  material  at  night.  After  it  has  once  set,  and  ha^s  had  a 
few  hours  to  liarden,  neither  sevtTe  frost,  nor  alternate  freez- 
ing and  tlijiwjug,  has  any  perceptible  effect  upon  it,  and, 
under  any  and  all  circumstances,  it  is  much  le&s  liable  to 
injury  fi*om  these  causes,  and  requires  fewer  iirecautioM 
for  ita  pmteetiou  against  them,  than  common  hydraulic  oon- 
erete. 

Monolithic  constructions  in  b^ton  agglomei'd  may  advan- 
tageously be  c*arried  on  whenever  it  is  not  too  cold  to  lay  ffrst- 
cIm-^s  t>rick  nuisunry. 

In  Paris  and  vicinity  operations  are  not  generally  suspended 
during  the  winter,  unless  the  cold  bo  unusually  severe  tor  tJiat 
climate. 

Pieces  of  statuary,  and  other  specimens  ornamented  with 
delicate  tracery,  have  been  exposea  for  five  consecutive  winters 
t<»  tlie  weather  in  New  York  City,  witliout  undergoing  the 
eligluest  perceptible  change. 

The  power  pos8esse<l  by  b<5ton  aggloin^re  of  j-esistiug  tl*G 
solvent  action  of  salts  (principally  the  sulphates  of  muguesia 
and  soda)  and  certain  gases  con  tamed  in  sea  water,  rests  upon 
analogy  mther  than  upon  proof  based  upon  adecpiate  experi* 
ence  and  observation. 

Eminent  Euj'opean  engineei-s  do  not  liesitate  to  use  Portland 
cement  concrete,  mixed  with  a  comparatively  large  dtme  of 
water,  for  very  important  submarme  construct  ions.  The 
matrix  of  tliis  cojK^-rete  possesses  less  density  and  strength 
tlian  that  of  bt^ton  agglomtSrti,  and  if  the  liiue  be  excluded 
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from  the  latter,  the  induration  in  the  two  cases  would  be  due 
to  precisely  the  same  chemical  action.  The  materials  are 
indeed  identical  in  composition  under  this  condition,  with  the 
exception  that  there  is  an  excess  of  water,  and  congequently 
an  element  of  weakness^  in  the  English  concrete,  w*hich  does 
not  attach  to  the  betoii.  The  durabilitj  of  the  latter  in  sea 
water,  without  being  much  discussed,  has  been  very  generally 
conceded* 

Monolithic  constructions  under  water  cannot  be  executed 
in  beton  agglomere,  for  the  reason  that  the  prescribed  ram- 
ming in  thm  layere  would  neceftfiarily  have  to  be  omitted,  and 
some  other  mode  of  compacting  the  mixture  followed.  This 
material,  however,  when  laid  gi-een  tlirough  water,  l<3seB  its 
distinct  name  and  chamcter,  as  well  as  its  superior  strength 
and  hardness,  and  becomes  common  beton  or  concrete,  with 
the  (foai-ser  ballast  omitted.  Its  use  in  tliis  fonn  certainly 
offers  no  advantages  with  regard  to  strength^  while  in  fMjint 
of  ectntomy  the  usual  proportions  of  matrix,  sand  and  shingle, 
or  broken  stone,  is  prefemble. 

183.  Adherence  of  Mortar.  The  force  with  which  mor 
tars  in  general  adhere  to  other  materials,  depends  on  the 
uatui*e  of  the  material,  its  texture,  and  the  state  of  the  sur- 
face to  which  the  mortar  is  ajjplied. 

184.  Mortar  adheres  most  strongly  to  brick ;  and  more 
feebly  to  wood  than  to  any  other  luateriah  Among  stones, 
its  adhesion  to  limestone  is  generally  greatest;  and  to  basalt 
and  sandstones,  least.  Amraig  stones  of  tlie  same  class,  it 
adheres  generally  better  to  the  poi*ous  and  coarse-grained, 
than  to  the  compact  and  fine-grained.  Among  surfaces,  it 
adheres  more  stronij^ly  to  the  rough  than  to  the  smooth, 

1B5.  The  adhesion  of  common  mortar  to  brick  and  stone, 
for  the  fii-st  few  vears,  is  greater  than  the  cohesion  of  its  owti 
particles.  The  iiirce  with  which  hydraulic  cement  adheres 
to  the  same  materials,  is  less  than  that  of  the  cohesion  be- 
tween its  own  particles;  and,  from  some  recent  experimenta 
of  O/lonel  Paslev,  on  this  subject,  it  would  seem  that  hy- 
draulic cement  adheres  with  nearly  the  same  force  to  polished 
wirfaees  of  stone  as  to  rough  surfaces. 

188.  From  experiments  made  by  Roudelet,  on  the  adhesion 
of  common  mortar  to  Bt^ne,  it  appears  that  it  required  a  force 
varjing  from  15  to  30  pounds  on  the  stpiare  inch,  applied 
perj»endicular  to  the  plane  of  the  joint,  to  i^eparate  the  mortar 
and  stone  after  six  months  union  ;  whereas  only  5  pounds  to 
the  square  inch  was  required  to  separate  the  same  surfaces 
when  applied  parallel  to  the  plane  of  the  joint. 
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Prfim  experisMOti  imde  hr  Oakwiel  Pasley,  ho  concladei 
that  the  adoedre  force  of  hjormiilic  cement  to  stone^  may  be 
taken  as  high  as  125  Dooiida  on  the  sqoare  inch,  when  tho  | 
joint  haa  had  time  to  naidesi  thitno^ioiit ;  bnt,  he  remarks, 
that  as  in  larj^e  jointa  the  exterior  part  erf  the  joint  may  have 
hardened  while  the  <il}\  remains  goft,  it  is  not  safe  to 

estimate  the  adhesiv  .  in  saeh  casea,  higher  than  £rom 

80  to  40  pounds  on  the  square  indL 
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187.  The  terra  Mastic  is  generally  appUed  to  artificial  or 
natural  combinations  of  bituminous  or  resinous  substanoesd 
with  other  ingredients.     They  are  am  verted  to  various  usee 
in  constructions,  either  as  cements  for  other  materials,  or  as 
coatings,  to  render  them  imperrions  to  water. 

188.  Bituminous  Maatio.  The  knowledge  of  this  marl 
terial  dates  back  to  an  earlv  period ;  but  it  is  only  within, 
comparatively  speaking,  a  few  years  that  it  has  come  into 
common  use  in  Europe  and  this  country.  The  most  usual 
form  in  which  it  is  now  emnloyed,  is  a  combination  of  min- 
ora! tar  and  powdered  bituminous  limestone. 

189.  The  localities  of  each  of  these  substances  are  very 
numerous;  but  they  are  brought  chiefly  into  the  market  from  i 
several  places  in  Switzerland  and  France,  where  these  min- 
erals are  found  in  great  abundance ;  the  most  noted  being 
Val-de-Travent*  in  Switzerland,  and  Seyssel  in  France. 

ISO,  The  mineral  tar  is  usually  obtained  by  boiling  in 
water  a  soft  sandstone,  called  by  the  Freiicli  molasmj  which 
is  strongly  impregnated  with  the  tar.  In  this  process,  the  tar 
is  disengaged  and  rises  to  the  siirface  of  the  water,  or  adheres 
to  the  sides  of  the  vessel,  and  the  earthy  matter  remains  at , 
the  bottom.  An  analysis  of  a  rich  epecioieii  of  the  Sey^icI ' 
bituminouB  sandetone  gave  the  followmg  results : —  ^ 
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19L  The  bituminous  limestone  which,  when  reduced  to  a 
Powdered  state,  is  mixed  with  the  mineral  tar,  is  known  at  the 
localities  mentioned  by  the  name  of  mphultum^  an  appellation 
which  is  now  usually  given  to  the  mastic.  This  limestone  oc- 
ciirs  in  the  secondary  formations,  and  is  found  to  contain 
various  proportions  or  bitumen,  varying  mostly  from  3  to  15 
per  cent.,  with  the  other  ordioary  minerals,  as  argile,  etc, 
which  are  met  with  in  this  formation. 

192,  The  clay  contained  in  asphaltic  rock,  as  it  is  not  im- 
pregnated, like  the  carbonate  or  lime,  with  the  bitumen,  is 
hinrtful,  causing,  at  timee,  the  cmcks  seen  in  asphaltic  pave- 
ments. 

Some  rocks  contain  an  oily  element,  like  petroleum,  which, 
rendering  the  mastic  made  from  them  too  fat,  must  first  be 
distilled  out 

103.  The  bituminous  mastic  is  prepared  from  tliese  two 
materials  by  heating  the  mineral  tar  in  cast-iron  or  sheet  Iron 
boilers,  and  stirring  in  the  proper  proportion  of  the  powdered 
limestone.  This  opej*ation,  although  very  simple  in  its  kind, 
requires  great  attention  and  skill  on  the  pait  ot  the  workmen 
in  managing  the  fire,  as  the  mastic  may  be  injured  by  too  low, 
or  too  high  a  degree  of  heat.  The  besi  plan  appeal^  to  be,  to 
apply  a  brisk  fire  until  the  boiling  liquid  commences  to  give 
out  a  thin  whitish  vapor.  The  lire  is  tlien  moderated  and 
kept  at  a  uniftjrm  state,  and  the  powdered  stone  is  gradually 
added,  and  mixed  in  \yith  the  tar  by  stirriug  the  two  well  to- 
getlier.  When  the  temperature  has  been  raised  too  high,  the 
heated  mass  gives  out  a  yellowish  or  brownish  vapor.  In  this 
stat^  it  should  be  stiri^d  rapidly,  and  be  removed  at  once  from 
the  fire. 

194.  Tlie  asphaltic  stone  may  be  reduced  to  powder,  either 
by  roasting  it  in  vessels  over  afire,  or  by  grinding  it  down  in 
the  ordinary  mortar-mill.  For  roasting,  the  stone  is  first  re« 
duced  to  fragments  the  size  of  an  ^^^.     These  fragments  are 

5Ht  into  an  iron  vessel ;  heat  is  applied,  and  the  stone  is  re- 
uced  to  powder  by  stirring  it  ana  breaking  it  up  with  an 
iron  instniment.  Tim  process  is  not  only  less  economical  than 
grinding^  but  the  material  loses  a  portion  of  its  tar  from 
evajx^ration,  besides  being  liable  to  mjury  from  too  great  a 
degree  of  heat.  For  grinding,  the  stone  is  finst  broken  as  for 
roaating.  Care  should  be  taken,  during  tlie  process,  to  stir  the 
mast  frequently,  other\vi&e  it  may  form  into  a  cake.  Cold  dry 
weather  is  the  best  season  for  this  operation ;  the  stone,  how- 
ever, sliould  not  be  exposed  to  the  weather, 
IdB-  Owing  to  the  variable  quantity  of  mineral  tar  in 
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tititininotii  limestone,  the  bail  pR^yortknii  of  the  Ult  ar.d 
powdered  bUjuh  for  btttumnoiii  nostie  eaonot  be  asiifnied  bc^ 
{arehaiid.  Tlir^ie  or  four  per  ceiiL  too  much  of  tur  ia  said  t#; 
impair  Ijotli  the  durability  and  tenad^  of  the  maatic;  whUe 
t<K>  muM  a  quantity  is  eqaalljr  prejudicial.  Generally,  from 
eight  to  ten  [jer  ceut  of  the  tar,  by  weight,  has  been  foQud  to 
yield  a  favorable  reault. 

IBB.  MiL>^ttc]4  have  been  formed  by  mixiiig  v^etable  tar^ 
pitch,  and  other  reainoiaa  aubetancea)  with  Uthar^e^  powdered 
uriek,  powdered  limefitooe,  etc. ;  but  the  results  obtained  have 
genemllv  been  inferior  to  those  from  bitumtJiouB  mastic 

107.  Mineral  tar  i&  rnore  durable  than  vegetable  tar,  and  on 
tkia  ae<x>Dnt  it  haa  been  used  alone  aa  a  ooatmg  for  other 
materials,  but  not  witli  the  sameaQCoeaaaamaatic.  Employed 
in  this  way  the  tar  in  titne  beeomee  dry  and  peels  off  ;  where- 
aj^  in  the  form  of  mafitic,  the  hard  matter  with  which  it  ia 
mixed  prevents  the  evapciration  of  the  oily  portion  of  the  tar, 
and  thaapromotes  ita  durability- 

198<  The  usee  to  which  bituminous  maAtic  !£  applied  are 
I  *  '  creating.  It  lias  been  need  for  paving  in  a  variety  of 
iiher  aa  a  cement  for  large  blocks  of  st<me,  or  as  the 
jf,'//,  f^.  of  a  concrete  formed  of  amall  fragments  4if  stone  or 
gruvi.i ;  Hi  a  pointing,  it  is  found  to  be  raore  serviceable,  for 
some  purposea,  than  hydraulic  cement ;  it  forma  one  of  the  best 
water-tight  coatings  for  cisterns,  cellars,  the  cappings  of  arches. 
terraeea,  and  other  similar  roofings  now  in  use ;  and  is  a  gooa 
praMTfidve  a^ot  for  wood-work  exposed  to  wet  or  damp. 
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199.  This  material  is  properly  an  artificial  etone,  formed  by 
submitting  common  clay,  whidi  Las  undergone  suitable  pre- 
paration, to  a  temperature  safiicieut  to  convert  it  into  a  semi- 
vitriiied  state. 

Brick  may  be  used  for  nearly  all  the  purposes  to  which 
stone  is  appluiabte ;  for  when  carefully  made,  its  strengtli,  hard- 
ness, and  durability,  are  but  little  inferior  tu  tlie  more  ordinary 
kiruls  of  building  stcjne.     It  remains  unchanged  under  the  ex 
Iremea  of  temi>eratare  ;  resists  the  action  of  water ;  sets  firmly 
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%nd  pwraptly  with  mortar;  and  being  both  :^heaper  and 
lighter  than  atone,  is  preferable  to  it  for  many  kinda  of  struc- 
tures, as  arches,  the  walla  of  hoiisea,  tfec 

200.  The  art  of  briek-raaking  is  a  distinct  branch  of  the 
useful  art5,  and  dues  not  properly  belong  to  that  of  the  en- 
gineer. But  as  the  engineer  may  at  times  be  obliged  to  pre- 
pare tins  material  himself,  the  following  outline  of  the  proceaa 
may  prove  of  service. 

20L  The  best  brick  earth  is  composed  of  a  mixture  of  piiro 
clay  and  sand,  deprived  of  pebbles  of  every  kind,  but  par- 
ticularly of  those  which  contain  lime,  and  pyritous  or  other 
metallic  substances;  as  these  substances^  when  in  large 
quantities,  and  in  the  form  of  pebbles,  act  as  fluxes,  and  de* 
Btroy  the  shape  of  the  brick,  ana  weaken  it  by  causing  cavities 
and"  cracks;  but  in  small  qnantitics,  and  equally  diffused 
throughout  the  earth,  they  assist  the  vitrification,  and  give  it 
a  more  uniform  character. 

202.  Good  brick  earth  is  frequently  found  in  a  natural 
state^  and  requires  no  other  preparation  for  the  purposes  of 
the  brick-maker.  When  he  is  obliged  to  prepare  the  earth  by 
mixing  the  pure  clay  and  sand,  direct  expenments  should  in 
all  CAses  be  made,  to  ascertain  the  proper  proportions  of  the 
two.  If  the  clay  is  in  excess,  the  temperature  required  to 
eemi-vitrify  it  will  cause  it  to  warp,  shrink,  and  crack ;  and 
if  there  is  an  excess  of  sand,  complete  vitrification  will  ensue, 
under  similar  circumstances. 

203»  The  quality  of  the  brick  depends  as  much  on  the 
care  bestowed  on  its  manufacture,  as  on  the  quality  of  the 
earth.  The  first  stage  of  the  process  is  to  fi*ee  the  earth  f rorai 
pebbles,  which  is  most  effectually  done  bv  digging  it  out  early 
in  the  autumn,  and  exposing  it  in  small  lieaps  to  the  weathei 
during  the  winter.  In  the  spring  tlie  heaps  are  carefully 
riddled,  if  necessary,  and  tiie  earth  is  then  in  a  propor  state 
to  be  kneaded  or  tempered.  The  quantity  of  water  required 
in  tempering  will  depend  on  the  quality  of  the  earth ;  no 
more  should  oe  used  than  will  be  Bumcient  to  make  the  earth 
so  olastic  as  to  admit  of  its  being  easily  moulded  by  tlie 
worlnnan.  About  half  a  cubic  foot  of  water  to  one  of  the 
earth  is,  in  most  cases,  a  go<:>d  proTX)rtion.  If  too  much  water 
be  used,  the  brick  will  not  only  be  very  slow  in  drying,  but 
it  will,  in  most  cases,  crack,  owing  to  tlie  surface  becoming 
completely  diy  before  the  moisture  of  the  interior  has  had 
time  to  escape ;  the  consequence  of  which  will  be,  that  the 
brick,  when  burnt,  will  be  either  entirely  unfit  for  u9e,orvei:T 
weak« 
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207.  Briek  of  e  good  qeeSly  echibtti  a  finei  eompect,  uni- 
form Uixmre^  when  brosen  ecraes ;  gives  a  deer^  ringing 
sound,  wben  stnck^  end  is  of  e  cbernr  red^  or  biuwnira 
eokir.  Tkree  Tuieties  ere  foond  in  the  Idb :  tboie  wbidb 
form  the  erchei,  defiominelad  er^oil  iriet,  ere  slw&vs  ritrified 
in  pert,  end  present  e  grejrish  fclewj  ^peimnoe  «t  one  end ; 
th^  ere  veiy  herd,  bat  brittle,  of  infmor  etrengthf  and  sel 
beolT  witb  morter:  thoee  from  die  interior  m  the  kiln, 
wnllj  deooosineted  &o^,  hard^  or  cherry  irietf  ere  of  the 
bast  oiieli^ ;  tboee  bom  near  the  top  and  aidet  are  geoerell; 
nnderonmt,  and  are  denominated  m^  J^f  or  mimmel 
hriekj  dief  have  neither  soffident  stiengdi  nor  durability  for 
httfy  masonrj,  nor  the  outside  courses  of  walk  which  are 
nposad  to  the  weather. 

206w  The  (joalitj  of  good  brick  may  be  improTed  by  stiek 
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ig  It  for  some  dare  in  water,  and  re-bnming  it,     Tbig  pro 

3»  increases  both  the  strentcth  and  durability,  and  renders 

the  brick  more  suitable  for  Iiydraiilic  constnictions,  as  it  is 

found  not   to  imbibe  water  80   readily  after  ha\nng  nnder- 

gime  it 

209.  Tlie  size  and  form  of  briclcB  present  but  trifling  raria- 
tions.  They  are  genei*ally  rectangular  parallelopinede,  from 
eight  to  nine  inches  long,  from  foiir  to  ronr  and  a  lialf  wide, 
and  fn>m  two  to  two  and  a  quarter  thick.  Thin  brick  ia 
generally  of  a  better  quality  tlmn  thick,  because  it  can  be 
dried  and  bnmed  more  uniformly. 

QIO.  Fire-brick,  Tins  material  is  used  for  the  facing  of 
furnaces,  fireplaces,  etc.,  where  a  high  degree  of  temperature 
fa  to  be  sustained.  It  is  made  of  a  very  refractor}^  kind  of 
pure  clay,  that  remains  unchanged  by  a  degree  of  heat  which 
would  vitrify  and  completely  destroy  ordinary  brick,  A 
very  remarkable  brick  of  this  character  has  been  made  of 
agari<:  mineral;  it  remains  unchanged  under  the  highest 
temperature,  is  one  of  the  worst  conductors  of  heat,  and  so 
light  that  it  will  float  on  water. 

gll.  Tiles,  As  a  roof-covering,  tiles  are  in  many  respects 
superior  to  slate,  or  metallic  coverings.  They  are  strong  and 
durable,  and  are  very  suitable  for  the  covering  of  arches,  as 
their  great  weight  is  layt  so  objeetiouable  here  as  in  the  case 
of  roofs  formed  of  frames  of  timber. 

Tiles  should  be  made  of  the  best  potter's  clay,  and  be 
moulded  with  great  care,  to  give  them  the  greatest  density 
and  strength.  They  are  of  very  variable  form  and  size :  die 
worst  being  the  flat  square  form,  as,  from  the  liability  of  the 
dav  to  warp  in  burning,  tliey  do  not  make  a  perfectly  water- 
tigiit  covering. 
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212,  This  material  holds  the  next  rank  to  stone,  owing  to 
its  durability  and  strength,  and  tlie  very  general  use  made  of 
it  in  eonstriictions,  'To  suit  it  to  the  purposes  of  the  en- 
gineer, the  tree  is  felled  after  having  attained  its  mature 
growth,  and  tlie  tiimk,^  the  larger  branches  that  spring  from 
Uie  tr»iiik,  and  the  main  parts  of  the  root,  are  cut  into  snita- 
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ble  (IirnenBions  and  seafioned,  in  wkich  state  the  term  tim- 
ft<?r  i»*  iipjilJcd  to  it  The  crookefl,  or  comp4tm  timl>er  of  the 
braiirhes  and  root*  ia  moetly  applied  to  the  parpoees  of  ship- 
buildiiig — for  the  kiiee«  and  other  parts  of  tlie  rrame-work  of 
vessels  requiring  crooked  timber.  The  trunk  ftimiahes  all 
the  straight  timber, 

213.  Trunk.     The  tmnk  of  a  fall-grown  tree  prescnto  ' 
three  difitinct  parts:  the  bark,  wliich  forms  the  extenor  coat- 
ing ;  the  sap-wood  J  which  is  next  to  the  bark ;  the  h^urt^  or 
inner  part,  which  is  easily  distinguL^hable  from  the  sap-wood 
by  its  greater  firraneas  and  darker  color. 

214.  The  heart  forms  the  e^^^ential  part  of  the  tmnk,  as  aj 
building  material     The  sap-wood  (Kieaeiiaes  but  little  etren^irth 
and  is  subject  to  rapid  decay,  owing  to  the  great  quantity  ot 
fennentalde  matter  contained  in  it ;  and  the  bark  is  not  only  i 
without  strength,  but,  if  suffered  to  remain  on  the  tree  after 
it  is  foiled,  it  liastens  the  decay  of  the  sap*wixHi  and  heart, 

215.  Felling*     Trees  should  not  be  felled  for  timber  until 
they  have  attained  their  mature  grovrth,  nor  after  they  exhibit, 
symptoms  of    decline ;    otherwjge,  the   timber   will  be  less  j 
strongs  and  far  less  durable,     M^»st  forest  trees  arrive  at  ma* ' 
turity  between  fifty  and  one  hundred  years,  and  commence 
to  decline  after  one  hundred  and  fifty  qt  two  hundred  ycai*a. 
The  age  of  the  tree  can^  in  most  cases,  be  ascertained  either 
by  its  external  appearancesj  or  by  cutting  into  the  centre  of 
the  trunk,  and  counting  the  rings,  or  layers,  of  tlie  sap  and 
heart,  m  a  new  ring  is  formed  e^ch  year  in  the  process  of 
vegetation.     AVhen  the  tree  commences  to  decline,  the  ex* 
tremities  of  the  old  branches,  and  particularly  the  top,  exhibit 
signs  of  decay* 

216.  Trees 'shoidd  not  be  felled  while  the  sap  is  in  circular 
tion ;  for  this  substance  is  of  a  peculiarly  fermentable  nature, 
and  therefore  very  prcxluctive  of  destruction   to  the  wood. 
The  winter  months,  and  July,  are  the  seasons  in  which  trees . 
are  felled  for  timber,  as  the  sap  is  generally  oonddered  aal 
dormant  during  these  months.     Tliis  pmctice,  however,  is  in  I 
part  condemned  by  some  writers ;  and  the  recent  experiments 
uf  M.  Boucherie,  in  France,  8upi.>ort  this  opinion,  and  indicate 
midsummer  and  autumn  as  the  seasons  in  which  the  sap  if 
least  active,  and  tlierefore  as  most  favorable  for  felling. 

217.  Girdling  and  Barking.  As  the  sap*wood,  in  most 
trees,  fonns  a  large  portion  of  the  trunk,  experiments  have 
been  made  for  the  purpose  of  improving  its  strength  and 
durabiUty.  These  experiments  haN^e  been  mostly  directed 
towards  the  manner  of  preparing  the  tree  before  felling  it 
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One  method  consists  in  ginlling^  or  making  an  incUfon  with 
an  axe  around  the  trunk,  completely  through  the  sap-wood, 
and  suffenng  tlie  tree  to  stand  in  this  state  until  it  is  dead ; 
ihe  other  consists  in  barMng^  or  stripping  the  entire  trunk  of 
its  bark,  without  wounding  the  sap-\vi>od,  earlj  in  the  spring, 
and  allowing  the  tree  to  stand  until  the  new  leaves  have  put 
forth  and  fallen  before  it  is  felled.  The  sap-wood  of  trees, 
treated  bj  both  of  these  method^?,  was  found  very  much 
improved  in  hardness,  strength,  and  durability ;  the  results 
&oin  girdling  were,  however,  inferior  to  those  from  barking. 

218.  Methods  of  Seasoning.  The  seasoning  of  timber  is 
of  the  greatest  itnp.irtance,  not  only  to  its  durtibility,  but  to 
thesc»lidity  of  the  structure  for  wliieh  it  may  be  used;  as  a 
Tery  slight  shrinking  of  some  of  the  pieces,  arising  from  the 
seasoning  of  the  wood,  might,  in  many  crises,  cause  material 
injury,  it  not  complete  destiniction  to  the  structure.  Timber 
16  considered  as  sutficiently  seasoned,  for  tbe  purposes  of  frame- 
work, when  it  has  Ic^t  about  one-fifth  of  the  weight  which  it 
has  in  a  green  state.  Several  methods  are  in  use  for  season- 
ing timber:  they  consist  either  in  an  ex]^M»s\ire  to  the  air  for  a 
certain  period  in  a  sheltered  position,  which  is  termed  natiir 
ral  seasoning ;  in  immersion  in  water,  toimed  water  eeaa&nr 
ing  *  or  in  boilings  or  steuining. 

S^.  For  natuml  seasoning,  it  is  usually  recommended  to 
strip  the  trunk  of  its  branches  and  bark  immediately  upon 
fellmg,  and  to  remove  it  to  some  dry  position,  until  it  can  be 
sawed  into  suitable  scantling.  From  the  experiments  of  M, 
Boucherie,  just  cited,  it  woiild  seem  that  better  results  would 
ensue  from  allowing  the  branches  and  Ijark  to  remain  on  tho 
trunk  for  some  days  after  felling.  In  this  state,  the  vital  ac* 
tion  of  the  tree  continuing  in  operation,  tJie  &ap*vessols  will  be 
gradually  exhausted  of  sap  and  filled  with  air,  and  the  trunk 
flias  better  prepared  for  the  process  of  seasoning.     To  com- 

Slete  the  seasoning,  the  sawed  timber  should  bo  jiiled  under 
rying-sheds,  where  it  will  be  freely  ex|*o6ed  tu  the  circula- 
tion 01  the  air,  but  sheltered  from  the  direct  action  (*f  the  windj 
rain,  and  sun.  By  taking  these  prccaiiticms,  an  equable  eva- 
poration of  the  moisture  will  take  place  over  the  entire  sur* 
lace,  which  will  prevent  either  warping  or  splitting,  which 
necessarily  ensues  when  oae  part  dries  more  rapidly  than  an- 
other. It  is  further  recommended,  instead  of  piling  tlie 
pieces  on  each  other  in  a  horizontal  ].>osition,  that  they  be  laid 
on  cast-iiNDU  supports  properly  pi-eparcd,  and  with  a  sufhcieut 
inclination  to  facilitate  tlie  dj'ipping  of  the  sap  from  one  end; 
and  that  heavy  round  timber  be  bored  through  the  centre,  to 
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igtpcM  m  gicalflr  mrfam  to  the  air,  ai  it  has  been  fonnd  that 
it  emdoi  more  in  ie««Oft!ng  than  i^iuare  timber. 

Xatiiral  Mmrnmitig  Is  i>relenbl6  to  any  otlicr,  as  timber  sea* 

tr»ru  -1  in  ihift  waj  ii^  botfi  itrongerazid  moredarHblo  thaii-vheD 

]  :  by  any  urtiflciftl  |frtx:t;t»,     Moet  tinil>er  will  require, 

jf!f  about  two  yea»  to  become  fully  seasoned  in 

t  ay. 

220*  Tii4;  pmeeii  of  laiaoiiiiig  by  immersion  in  water  ia 
alow  and  irnperfed^aa  it  takes  yean  to  saturate  heavy  timber ; 
and  thti  n#*liible  fnatter  h  diKrbarged  yery  slowly,  and  chiefly 
from  the  exterior  luveni  of  the  immersed  wood.  The  practice 
of  keeping  timter  m  water,  with  a  view  to  facilitate  its  sea- 
•onififj,  htt*»  l>een  condemned  a*  of  doubtful  utility ;  particu- 
larly immersion  in  Aalt  water,  w*here  the  timber  ia  liable  to  tlie 
inroa/li»f>f  those  two  very  destnietive  iubabitantB  of  our  waters, 
thii  Limtmrla  TereWams  and  lered<>  A^avulu  /  the  former 
of  which  rapidly  destroy t>  the  heaviest  logs,  by  gradually  eat- 
in|^  in  between  the  annual  rings;  and  the  lattei,  the  well- 
knfjwii  MhijMm/rrnf  by  converting  timber  into  a  j*tirlcct  honey- 
comb state  by  ita  numerous  periorations* 

22L  Steaming  is  mostly  in  use  for  ship-building,  where  it 
i>*  wi'iu^fiAiiry  to  Hoften  the  fibres,  for  the  pur]K)se  of  bendiiig 
hifi;*!  (i)*'<!es  of  timber.  This  ia  effected  by  placing  the  timber 
if]  Btrong  steam-tight  cylinders,  where  it  is  subjected  to  the 
H<'tion  of  ►iteani  long  enough  for  tlie  object  in  view ;  the 
periml  usually  allowed  is  one  hour  to  each  inch  in  thickness* 
nU-^aming  slightly  impairs  the  strength  of  timber,  but  renders 
it  leuM  Hubjc^^t  to  decay,  and  less  liafie  to  warp  and  crack. 

222.  W  hen  timlier  is  used  for  posta  partly  embedded  in  the 

?Tound,  it  i**  usual  to  char  the  part  embedaed,  to  pj-eserve  it 
rom  decray.  This  metluxl  is  only  serviceable  when  the  timber 
haj^  bcim  previously  well  seasoned  ;  but  for  gi'een  timber  it  ia 
hiLrhly  injurious,  as  by  closing  the  pores  it  prevents  tlie  evap- 
oration from  the  sunace,  and  thus  causes  fermentation  and 
rajiid  decay  within* 

22JJ.  The  m(j6t  durable  timber  is  procured  from  trees  of  a 
ch^c,  compact  texture,  which,  on  analysis,  yield  the  largest 
qujintily  of  carbon.  And  tiicjse  whicu  grow  in  moist  and 
shadv  Uxralitit'K  furnish  timber  which  is  weaker  and  less  dur 
able  than  tlmt  from  trees  growing  in  a  dry,  open  expoBUi*e. 

224»  Defects  of  Timber.     Timber  is  subject  to   defects, 
arising  either  from  some  peculiarity  in  the  growth  of  tlie  tree, 
or  fi-^jui  the  effects  of  the  weather.     Straight-grained  timber, 
free  from  knotH,  is  superior  in  strength  and  quality  aa  a  buUd 
ing  material  to  that  which  is  tlie  reverse. 
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225.  ITie  action  of  hi^b  winds,  or  of  severe  frosts,  iujoi-ea 
the  tree  while  stauding :  the  former  separating  the  layers  irotn 
each  other,  forming  what  is  denominated  roUed  timber  ;  the 
latter  cracking  the  timber  in  several  places,  from  the  surface 
to  tlie  centre.  These  defects,  as  well  as  ttose  arising  from 
worms,  or  age,  are  easily  seen  by  examining  a  cross  section  of 
the  trunk. 

226.  Wet  and  Dry  Rot.  The  wet  and  dry  rot  are  the 
most  serious  causes  of  the  decay  of  timber ;  as  ail  the  remedies 
thus  far  proposed  to  prevent  them  are  too  expensive  to  admit 
of  a  very  general  application.  Both  of  these  causes  have  the 
same  origin :  fermentation,  and  consequent  putrefaction.  The 
wet  rot  takes  place  in  wood  exposed,  alternately,  to  moisture 
and  dryness  ;  and  the  dry  rot  is  occasioned  by  want  of  a  free 
drcnlation  of  air,  as  in  confined  warm  localities,  like  cellars 
and  the  more  confined  parts  of  vessels. 

Trees  of  rapid  growth,  which  contain  a  large  portion  of 
sap'Woodj  and  timber  of  every  description,  when  used  green, 
where  there  is  a  want  of  a  free  circulation  of  air,  decay  very 
rapidly  with  the  rot 

227.  Preservation  of  Timber.  Numberless  experiments 
have  been  made  on  the  preservation  of  timber,  and  many 
processes  for  this  purpose  have  been  patented,  lx)th  in  Europe 
and  this  country.  Several  of  these  processes  have  yielded 
the  most  satisfactory  results;  and  nearly  all  have  proved 
more  or  less  efficacious*  The  means  mostly  resorted  to  liave 
been  the  saturation  of  the  timber  in  the  solution  of  some  salt 
with  a  metallic  or  earthy  base,  thus  forming  an  insoluble 
compound  with  the  soluble  matter  of  the  timber.  The  salt-s 
which  have  been  most  ^enemlly  tried  are,  the  sulphate  of 
iron  or  copper,  and  the  cTilorlde  of  mercury,  zinc,  or  calcium. 
The  results  obtained  from  the  chlorides  have  been  more  satis- 
factory than  those  from  the  sulohates ;  the  latter  class  of  salts 
with  metallic  bases  possess  unanubted  antiseptic  properties ; 
but  it  is  stated  that  the  freed  sulphuric  acid,  arising  from 
the  chemical  action  of  the  salt  on  the  wood,  impairs  the 
woody  fibre,  and  changes  it  into  a  substance  resembling 
carbtjti. 

228.  The  processes  which  have  come  into  most  general  use 
are  those  of  Mr.  Kyan  and  of  Sir  W,  Burnett,  called  after 
the  patentees  kyani^ing  and  burnetizifig,  Kvan's  pi-ocess  is 
to  saturate  the  timber  with  a  solution  of  chlonde  of  mercury : 
using  for  the  9<jlution  one  pound  of  the  salt  to  five  gallons  oi 
water.  Burnett  uses  a  solution  of  chloride  of  zinc,  in  tho  pro- 
portion of  one  pound  of  the  salt  to  ten  gallons  of  water,  foi 
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eoHimon  purposes;  and  a  more  highly  concentrated  e*»liitioii 
wliiiri  the  ohjt>(d  is  aka  to  render  the  wood  incombustible. 

229,  As   timber  under  the  ordinary  circumstances  of  ira- 
lej'sinii  imbibeH  the  aolutions  very  slowly,  a  more  expeditiond, 

well  art  more  r>erfeet  means  of  saturation  has  been  nsed  of 
late,  whtuh  consisU  in  placing  the  wcKid  tfj  be  pr-epared  in 
ritrun^  wn»nght-in»n  cylniderSj  b'ned  with  felt  and  boards,  to 

1>njtect  the  iron  from  the  action  of  the  solution,  where,  first 
*y  e\liau8tuig  the  cylinders  of  air,  uud  then  applying  a  strong 
preet^iire  l»y  means  of  a  force-pnmp,  the  liqma  is  forced  into 
the  m]\  and  air  vesBelfi,  and  penetrates  to  the  very  centre  of 
the  tintbor* 

230,  Among  the  patented  proeeBses  in  our  country,  that  of 
Mr.  Earlo  has  received  most  notice.  This  consists  in  boiling 
the  timber  in  a  Bolntion  of  the  sulphates  of  copper  and  iron. 
Opinion  ftoeins  to  be  divided  as  to  the  efficacy  or  this  method. 
It  has  been  tiied  for  the  preservation  of  timber  for  artillery 
carriagoti,  but  not  with  satisfactory  results, 

231,  M*  Boncberie,  to  %vhc)se  able  researches  on  this  subject 
refen.^nce  has  been  nuide,  noticing  the  slowness  with  wliich 
aqueous  solutions  were  inibil»cd  by  vvimhI,  when  simply  im- 
memed  in  them,  conceived  the  ingenious  idea  of  rencfering 
tlie  \  ital  action  of  the  sap- vessels  subtler vicnt  ti>  a  thorougli 
imj>reguuti(iu  uf  every  jmrt  of  the  trunk  wlu-re  there  wus  this 
vitality.  To  effecrt  this,  be  lir^t  innnei*8ed  the  Initt-end  of  a 
freshly- felled  tree  in  a  li<piid,  and  found  that  it  was  diffused 
tbruuglinut  all  |»art8  tjf  tlie  tree  in  a  few  ilays,  by  the  actioti 
in  question*  lint,  iindiiig  it  difficult  tu  manage  trees  of  some 
size  wlien  felled,  M.  Ik*uulierie  next  attempted  to  saturate 
them  he fure  felling;  ftir  which  purjitt^e  be  bored  an  anger- 
hnle  thrcmgb  the  trunk,  and  nuide  a  saw-cot  from  the  auger- 
hole  out  wards,  on  each  side,  to  within  a  few  inches  of  the 
exteriin\  leaving  enough  of  the  filnes  untouched  to  support 
the  tree.  (Jne  end  of  the  augcr-huli*  was  then  stopped,  as 
well  us  all  of  the  saw-cnt  on  the  exterior,  ami  the  liquid  was 
intruduced  by  a  tube  inserted  into  the  open  end  of  the  auger- 
bole.  This  niethod  was  found  equally  efficacious  with  the 
i^rhl,  and  more  cunvenient. 

232*  After  examining  tlie  aetitm  of  the  various  neutral 
,lts  on  the  stibible  roatter  contained  in  wood,  M.  Boucherie 
was  led  to  try  the  inquire  }>yrolignite  of  iron,  both  from  iti 
chemical  com|><jsitiuu  and  its  chcai>nes8.  The  results  of  this 
exi)enment  were  perfectly  satisfactory.  The  pyrolignite  of 
iron,  in  the  proportiun  of  oue-fiftieth  in  weight  of  the  green 
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wood^  was  fouiid  not  only  to  preserve  the  wood  fi'Oiii  decay, 

but  t<i  hardea  it  to  a  very  high  degree, 

233.  Observijjg  that  tlie  pliability  and  elasticity  of  woikI 
depended)  in  a  great  measure,  on  the  moisture  contained  in  it, 
M.  Boucherie  next  directed  his  attention  to  the  inca^ie  of 
improving  tliese  properties.  For  this  purpose  he  tried  !?olu- 
tious  of  varions  deliquescent  salts,  which  were  found  to  an- 
swer the  end  prop<i6ei  Among  these  solntions  he  gives  the 
prefei-ence  to  that  of  chloride  of  calcium,  which  also,  wlien 
concentrated,  renders  the  wood  incombustible.  He  also  re- 
commends for  hke  puI'p^  »6es  the  mother-water  of  salt-mai^hes, 
as  cheaper  than  the  solution  of  the  chloride  of  calcium* 
Timber  prepared  in  this  way  is  not  only  improved  in  elasticity 
and  pliuoility,  but  is  prevented  from  warping  and  cracking ; 
the  timber,  however,  is  subject  to  greater  variations  in  weight 
than  when  seasoned  naturally, 

234.  M.  Boucherie  is  of  opinion  that  the  earthy  chlorides 
will  also  act  as  preservatives,  but  to  insure  this  he  recom 
mends  that  they  be  mixed  with  one-fifth  of  pyrolignite  of 
iron. 

235.  From  other  experiments  of  M-  Boucherie,  it  appeius 
that  the  sap  may  be  expelled  fn>m  any  fi-eshly-felled  timber 
by  the  pi-essure  of  a  liquid,  and  the  timber  l)e  impi'egnat43d 
as  thoix>ughly  as  by  the  preceding  processes.  To  effect  this, 
the  piece  to  be  saturated  is  placed  in  an  upright  positaoo,  so 
tlmt  the  sap  may  flow  readily  from  the  lower  end  j  a  water- 
tight bag,  containing  the  liquid,  is  affixed  to  die  upper  ex 
tremity,  which  is  surmounted  by  the  liquid,  the  pressm-e  from 
which  expels  the  sap,  and  fills  the  sap-vessels  with  the  liqukl 
The  pi-ocess  is  complete  when  the  liquid  is  found  to  issue  inm 
pure  state  fr<:)m  the  lower  end  of  tlie  stick. 

2^7,  Either  of  the  above  pn>ces*ies  rnav  be  applied  in  ira> 
pre^nating  timber  witli  coloring  matter  tor  ornamental  pur- 
poses. The  plan  rec^Dmmended  by  M.  Boucherie  consists  in 
mtrodncing  separately  the  solutions  by  tlie  chemical  union  of 
which  the  color  is  to  be  formed. 

238.  The  rapid  decay  of  mil  road  sleepers  has  led  to  more 
recent  experiments  in  Europe,  where  tunber  is  scarce  and 
dear.  Opinion  now  is  in  favor  of  irapi*egnating  ihem  with 
CffeofiotCj  as  tlie  best  preservative  from  wet  rot 

239,  The  effect  of  time  on  t\ye  durability  of  timber,  pre- 
pai^d  by  any  of  the  various  chemical  processes  which  have 
just  been  detailed,  remains  to  be  seen ;  although  results  of 
the  most  satisfactory  nature  mav  be  looked  for,  considering 
tho  ^vere  tests  to  which  most  o£  the  n  liave  been  submitted^ 
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tiieriiiegtveiiAffti  inipregii&red 

th«»  in^iiubte  miMnd  noiKMia  destructive  to 


aninyU  \\U\  in  Mihl  t%)  Pttl«««i>ftf^  llie  teim  end. 

a4a*  The  tKnit  m^^unHii^l  tttitlK>r  ^U  not  witliatand  the  effects 
iif  inpimun*  to  ihi*  vvxHullier  fr*r  a  minA  fwater  jhtIocI  than 
twenty  tlu>  yimrN  tmk?ei  it  b  [nulirtad  Igr  a  eoetitii;  of  paiitl 
tir  |4it}h|  ur  K\t  4vil  Uh)  t\it  hoi.  wIkm  «m  tinber  ia  partly 
charred  over  a  U^^ht  bla»^  Thmm  a«batUM»  tlncmadtea,  ben 
\i\lZ  ^'f  a  i*erijJ»ahit*  uatnrt^^  ra|iilri  Id  be  fmev^  fnun  time  to 
time,  aiut  will,  tliervfofts  he  eetTieeaMe  only  tti  ttiuationd 
which  admit  ot  tbeir  rei»t*wiil^  Th^»Y  are^  tit^^reover,  more 
hurtful  tban  aerneoable  to  tinaeaeLiiied  iimber,  aa  br  ekisii^; 
the  pores  of  the  exterit^r  i^urfaioe  tber  {Mrenvnt  tbe  mobtiire 
from  memfing  from  within,  aiid  tbeee6y»e  ponMe  e«e  of  die 
ebief  eamoa  of  decav* 
SMa  ForasllVMe  of  the  Untied  Sisleo.  tliefbrwiaci 
rowneoimlijprodeoeagreat  Tmrietrof  dn  bert  ^mberfai 


TIMBEB* 


81 


every  purpose,  and  6upi>ly  abmidantly  both  our  o^vn  and  for- 
eign TiiarKetB.  The  following  genera  ai*e  in  moBt  cx»mmob 
use, 

244.  Oah  Al»oiit  forty-four  species  of  this  tree  are  enu- 
merated by  botanists,  as  fuund  in  our  forests  and  thtise  of 
Mexico.  I'he  most  of  them  afford  a  gond  building  riateriaf^ 
except  the  varit'ties  uf  red  oak,  the  timber  of  which  is  weak 
and  decays  rapidly. 

The  White  Oak  {Querctuf  AUfo),  so  named  from  rhe  color 
of  its  l>ark,  is  among  the  most  valuable  of  the  species,  and  is 
IB  very  geneml  iwe,  but  is  mostly  i^eeerved  for  naval  construc- 
tions ;  it4i  trunk,  which  is  large,  serving  for  heavy  frame-work, 
and  the  niots  and  larger  branches  affording  the  best  comua^is 
timber*  The  w^oc>d  la  strong  and  durable,  and  of  a  slightly 
reddish  tinge  ;  it  is  not  suitable  for  boards,  as  it  shrinks  about 
^  in  seasoning,  and  is  very  subject  to  warp  and  crack. 

This  tree  is  found  most  abundantly  in  the  Middle  States, 
It  is  seldom  seen,  in  coiuparison  with  other  fi>rest  trees,  in  the 
Efistem  aud  Southern  States,  or  in  the  rich  valleys  of  the 
Westeni  States. 

Tmt  Oak  {Quercus  ObtuMoba).  This  tree  seld*:im  attains 
a  greater  diameter  than  about  fifteen  inches,  and  on  this  ac- 
count is  used  mostly  for  posts,  from  which  use  it  takes  its 
name*  The  wood  has  a  yellowish  hue,  and  close  grain  ;  is  said 
to  exceed  white  oak  in  strength  and  durability ;  and  is  there- 
fore an  excellent  building  material  for  the  lighter  kinds  of 
frame-work.  This  tree  is  found  most  abundantly  in  the 
forests  of  Maryland  and  Virginia,  and  is  there  fi-equently 
called  Box  Wltite  Oak^  and  Imn  Oak.  It  also  grows  in  the 
forests  of  the  Southern  and  Western  States,  but  is  rarely  seen 
farther  north  than  tlie  nunith  of  the  Iludscui  River. 

Chestnut  White  Oak  [Querctis  Prinns  Palustris),  The 
timber  of  this  tree  is  strong  and  durable,  but  inferior  to  the 
two  preceding  epeciee.  "flie  tree  is  abimdant  from  North 
Carolina  to  Florida. 

Rock  Chestnut  Oak,  ( Quercus  Prinus  Monticoh.)  The  tim- 
ber of  this  tree  is  in  use  mostly  for  naval  constructions,  for 
which  it  is  esteemed  inferior  only  to  the  white  oak*  The 
tree  is  found  in  tlie  Middle  States,  and  as  far  north  as  Ver- 
mont 

Live  Oak  (Quercm  Virens).  The  wood  of  this  tree  ia 
of  a  yellowish  tinge;  it  is  heavy,  compact,  and  of  a  fine 
grain ;  it  is  stronger  and  more  durable  than  any  other  species, 
and  on  this  account  it  is  considered  invaluable  for  the  pui^ 
poses  of  ship-building,  for  which  it  is  exclusivelj  resen^eo. 
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Tli6  live  oak  is  not  foimd  farther  north  tlian  tbe  neiglibor 
hood  of  Norfolk,  Vir»;^iT)ia,  nor  farther  inland  than  fnmi  tif 
teen  to  twenty  miles  ftxnn  the  t^eaeoast.  It  is  found  m  nlmn 
dance  al  ing  the  Cda&t  south,  and  in  the  adjacent  islands  as  faj 
as  the  numth  of  the  Mi&ipifii&ippi. 

245.  JHne.  This  very  interesting  genns  ib  considered  id 
feriijr  only  to  the  oak,  from  tlie  excellent  timber  aflforded  hy 
nearly  all  of  its  epccies.  It  is  regarded  as  a  most  valuable 
building  muterial,  owing  to  its  etrength  and  dnrability,  the 
etraightneBft  cjf  its  fibre,  the  ea&o  with  which  it  is  wr**ught, 
and  it^  applicability  to  alt  tJie  piuposee  of  eonstructions  in 
W(:»od, 

Yellow  Pine  {Pinua  Mitts).  The  heart-wood  of  this  tree 
is  fine-grained,  moderately  resinous,  strong  and  durable ;  but 
the  sap-wood  is  very  inferior,  liecaying  rapidly  on  exposure  to 
the  weather.  The  timber  is  in  very  general  nse  for  frame- 
work, *fcc. 

Til  IB  tree  is  found  thrnnghont  our  e<»niitrv,  but  in  the  great- 
est abundance  in  tlie  Middle  States.  lu  the  Southern  Statea 
it  is  known  as  Spruce  Pitie  and  Short-lciwed  Pine, 

Long-leaved  Fine,  or  Sontlicrn  Pino  {PinuH  AnstraUs\ 
This  true  has  but  little  sap-wotjd,  and  tlie  resiuous  matter  is 
uniformly  distributed  tJiroiighout  the  heart-wcHKh  which  pre- 
sents a  fine  compact  grain,  having  more  hardT\css,  strength, 
ami  durability  than  any  otlier  species  of  the  pine,  owing  to 
which  qualities  the  tindjer  is  in  very  great  denntnd. 

The  tree  is  iSi-st  met  with  near  Norinlk,  Virginia,  and  from 
tins  point  south  it  is  abundantly  found, 

miite  Pine, or  Northern  l*in'e  (Piniis  Strobvs).  This  tTee 
takes  its  name  frt>ni  the  color  of  its  wcK>d,  which  is  white,  soft, 
light,  6traight-g;rained,  and  duitilile.  It  is  inferior  in  strength 
to  tJie  species  just  described,  and  lias,  moreover,  the  defect  of 
Bwelling  in  damp  weather.  Its  timber  is,  however,  in  great 
demand  as  a  good  building  material,  being  almost  the  only 
kind  in  use  in  the  Eastern  and  Northern  States  for  the  frame- 
work and  joinery  of  houses,  ite. 

The  finest  specimens  of  this  ti-ee  grow  in  tJie  foi^ests  of 
Maine.  It  is  found  in  great  abundance  between  the  43d  and 
47  th  pa  ran  els,  N.  L, 

246.  Among  the  forest  trees  in  less  general  use  than  the  oalr 
end  pine,  the  Xocust^  the  Chestnuty  the  Red  Cedar^  a!id  tlie 
Larch  hold  the  first  place  for  hardness,  strength,  and 
durability.  They  are  used  chielly  for  the  frame-work  of  ves- 
sels. The  chestnut,  the  locust,  and  the  cedar  are  preferred  to 
all  other  trees  for  posta. 
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247.  Tlie  Black  or  Double  Synice  {Abies  Ni^ra)  also  af- 
fords an  excellent  material,  its  tmiber  being  strong,  durabla, 
and  light 

248,  The  Juni^per  or  White  Cedar^  and  the  Ct/press  are 
rerj  celebmted  for  affording  a  material  which  is  veiy  li^ht, 
and  of  great  durability  when  exposed  to  the  weather;  owing 
to  these  qualities,  it  is  almost  excliiBivelj  used  for  shinglea 
and  other  exterior  coverings.  These  two  trees  are  found  io 
great  abundance  in  dae  swamps  of  the  Southern  States. 
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The  metols  in  most  common  use  in  constructionfl  are  Irony 
Coppery  ZhWy  Tin,  and  Lead. 

249.  IRON*  Tills  metal  is  very  extensi^'oly  used  for  tlio 
purposes  of  the  engineer  and  architect,  both  in  the  state  of 
Cast  Iron  and   Wroiight  Iron, 

250.  Vaat  Iron  is  one  of  the  most  valuable  biiildin£r  materi- 
als, owing  to  its  great  streni^th,  hardness,  and  durability,  and 
the  ease  with  which  it  can  be  cast,  or  moulded,  into  tlie  best 
forms,  for  the  purposes  to  which  it  is  to  be  applied. 

251.  Cast  iron  is  divided  into  two  principal  varieties :  the 
G^ray  cast  iron,  and  White  oast  iron.  There  exists  a  very 
marked  diffei-ence  between  the  properties  of  these  two 
varieties.  There  are,  besides,  many  intermediate  varieties, 
which  partake  more  or  less  of  the  properties  of  tliese  two,  as 
they  appi-oach,  in  their  external  appearances,  nearer  to  the  one 
or  the  other. 

252.  Gray  cast  iron,  when  of  a  good  quality,  is  slightly 
malleable  in  a  cold  state,  and  will  yield  readily  to  the  action 
of  the  file,  when  the  hard  outside  coating  is  removed.  This 
variety  is  also  sometimes  termed  soft  gray  cast  iron;  it  is 
softer  and  tougher  than  the  white  iron.  When  broken,  the  sur- 
face of  the  fracture  presents  a  granular  structure ;  the  color 
is  gray;  and  the  lustre  is  what  is  termed  metallic,  resembling 
small  brilliant  particles  of  lead  strewed  over  the  surface. 

25S.  White  cast  iron  is  very  hard  and  brittle;  when  re- 
c«n>tly  broken,  the  surface  of  the  fracture  preseots  a  distinctly- 


2^  lis.  KLtk  jei.  ii.  li  "v^err  atue  'Sxspfse:  vadft  Tr^Aer  Hffftiidh 
ABeut:iHtJ'.»i.  5'.«-  tilt  Ac^airtPtaiieic  fe  ScMsrac:.  jninnrvng  «5» 

tlif  uaTuir  urtjd  ^.  6«Kri:n-  Jtt  diBeiMC  "^-mrimak.  zr^.wuok  Ac 

tiieir  dieuirtJi:^  tnmr^^se?^ 

iijca}iblutr  ',i  '-•^^'-^  t:c:  *:7  tiiisa  zr  fit :  T.rfrrrBcy-  <i:aigBKi&  a 
BoaxixiiurL  :  el»fctv:>;  rui^^  %  TninimimL. 
ICeaiocipua   Verr   ^fc:  z^^sstipr  iwZ;  t*«w3c  smafleooB 

MoAtiedL  T.ii^^i  sad  iard:  £]ei  nr  ««:  -^i  -rScalljr; 

Ari|;lxt  Gray.  T  .c^--i€ag  vzri  lariziBK  sbob:  sshable  for 
v'^ekil^ :  ^"Lisai^e  9.oe»9C  a:>i  ejasD?  na^  patenBj  are 
IttJazioie^   :::yjit  aCTviti^.«afCT ;  crys^ijs  ^szzfers.  merr  in- 

Doll  Gray.  Leas  VTCgi  trat  d»  ppweding;  cdfeer 
•ef«**  alike  :  ccctr^ctScw  is  ^lo.x^rz  a  niriai-sm. 

Dark  Gray.     Mc«t   fasfi-Se;   regsarry  V^c^  tail; 
grafii*^   i^  oooling:    iixk  tbe  fr^««:   G7«tai§  lar;^  and 
'y^IIa :  tzhima^e  cobesxn  a  avTaimvmi.  az^d  ejKtie  ran^  a 

256-  TLe  graj  iron  a  ny^st  cviztable  vbere  scrrasth  k  r«^ 
q-xii^i :  »vi  tbe  Triute,  wbere  hardnes  »  tbe  priacxpai  re* 

2S6.  Th^  cTylor  and  lustre,  presented  by  the  surface  of  a  le- 

-Kfit  fj%fXKT^,  are  the  bei?t  ni'£ic'ari<oc*  of  the  qualitx  of  iron. 
A  iL.:t.mi  dark  graj  clor,  and  high  metallic  Instre,  are  in- 
AitnxTy jfjt  of  thft  \jk^.  and  strongest.  With  the  same  color,  but 
!/=i»  I  ;.*tf*r.  the  iron  will  be  f*Hind  to  be  softer  and  weaker,  and 
^//  f^mrnhl^  readilj.  Iron  withoat  Instre,  of  a  dark  and  naot- 
tkd  't^yl'.r.  i*  the  sofes^t  and  weakest  of  the  zrav  varieties^ 

Ir'>n  of  a  li^t  sray  ci.»lor  and  high  metallic  Instre  is  nsoal- 
Ir  ^f-^ry  L^rd  and  tenaiioos.  As  tbe  color  approaches  tc 
whif^.  and  the  metalh'c  Instre  changes  to  vitreous^  hardneoB 
and  brittleneafi  become  more  marked,  until  the  extremes  of  a 
dnll^  or  grajith  white  c*>1op,  and  a  verv  high  Wtreoos  Instra 
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i*re  attained,  which  are  the  indications  of  the  hardest  and 

inofit  brittle  of  the  white  variety. 

257.  The  qnality  of  cast  iron  may  al&o  be  tested,  by  strik* 
ing  a  smart  stroke  with  a  hammer  on  the  edge  of  a  casting. 
If  the  Mow  produces  a  sUght  indentation,  without  any  appear 
ance  of  fj^actnre,  it  shows  that  the  iron  is  shghtly  malleable, 
and,  therefore,  of  a  gfXKl  quality  ;  if,  on  the  contrary,  the 
edge  is  broken,  it  indicates  brittfenees  in  the  material,  and  a 
con^quent  want  of  strength. 

263.  The  strength  of  cast  iron  varies  with  its  density ;  and 
this  element  depends  npon  the  tempcratnrc  of  the  metal  when 
di*awn  from  the  fiiniace;  the  rate  of  cooling;  the  head  of 
metal  under  which  the  casting  is  made  ;  and  the  bulk  of  the 
casting. 

259,  Tlie  density  of  iron  cast  in  %'ertical  moulds  increases, 
according  to  Mr.  Mallet's  experiments,  very  rapidly  from  the 
top  downward,  to  a  depth  of  ab<iut  four  feet  below  the  top ; 
frora  this  point  to  the  bottom,  the  rate  of  increase  is  very 
nearly  uniform.  All  other  circumatanccb  remaining  the 
same,  the  density  decreases  with  the  bulk  of  the  casting; 
hence  lar^^e  are  pn:)portionally  weaker  than  small  castingSp 

260-  I^rom  all  of  these  causes,  by  which  the  strength  of 
iron  may  be  influenced,  it  is  very  difficult  to  judge  of  the 
quality  of  a  casting  by  its  external  characters ;  in  general, 
however,  if  the  exterior  presents  a  uiiiforn^  appeamiice,  de- 
void of  marked  inequalities  of  surface,  it  wiU  be  an  indica- 
tion of  uniform  strength. 

-^61,  The  economy  in  the  manufacture  of  cast  iron,  arising 
from  the  use  of  the  hot  blast,  has  naturally  directed  attention 
to  the  comparative  merits  between  iroiip  rod  need  by  this  pro 
cess  and  tJiat  frora  the  cold  blast.  Tliis  subject  has  been 
ably  investigated  by  Messrs.  Fairbairn  and  Uudgkinson,  and 
tlieir  results  published  in  the  Seventh  Jieport  of  ike  British 
Asaodation, 

Mr.  Hodgkinson  remarks  on  this  subject,  in  reference  to  the 
re«ult»  of  nis  experiments :  "  It  is  rendered  exceedingly 
probable  that  the  introduction  of  a  heated  blast  into  tlie 
manufacture  of  cast  iron,  has  injured  the  softer  irons,  while 
tc  has  frequently  mollified  and  improved  those  of  a  harder 
nature ;  and  considering  the  small  deterioration  that "  some 
**irr*na  have  sustained,  and  the  apparent  benefit  to  those  of" 
others,  **ti>gether  with  the  great  saving  effected  by  the  heated 
bla&t,  there  seems  good  reason  for  the  process  becoming  as 
general  as  it  has  done." 

2G2.  From  a  number  of  specific  gravities  given  in  the8« 
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Reporta,  the  mean  specific  gravity  of  cold  blast  iron  10  neajh 
7.001,  that  of  hot  bla^t,  7.021. 

263.  Mr.  Fairbairn  concludes  his  Repfxrt  with  these  obser- 
vations, as  the  results  of  the  investigations  of  himself  and 
'Mn  Ik»dgkinBon :  *^  The  ultimatiira  of  our  inquiries,  made  in 
this  wav,  stands,  thei^efore,  in  the  ratio  of  strengtli,  1000  foi 
the  cold  blast,  to  1024,8  for  the  hot  blast;  leaving  the  small 
fractional  difference  of  24,8  in  favor  of  the  hot  blast " 

"  The  n^lative  powers  to  eiigtain  impact,  are  likewise  inj 
favor  of  the  hot  blast,  beinj:  in  the  ratio  of  1000  to  122G.3.'' 

264.  Wrought  Iron.  Tlie  eolorj  lustre,  and  texture  of  a 
recent  fracture,  present,  also,  the  most  certain  indications  of 
the  quality  of  wTou^ht  iron.  The  fracture  submitted  to  ex- 
amination, should  be  of  bars  at  lea^t  one  inch  square ;  or,  if 
of  flat  bai"B,  they  should  be  at  lea.^t  half  an  inch  thick  ;  other- 
wise, the  texture  will  be  so  greatly  changed,  arising  from  the 
greater  elongation  of  the  fibres,  in  bars  of  smaller  oimensittns, 
as  to  pi-esent  none  of  th<»se  distinctive  differences  observable 
in  the  fracture  of  large  bai*&. 

265.  The  surface  of  a  recent  fracture  of  gcod  iron,  presents 
a  clear  grav  color,  and  high  metallic  lustre ;  the  texture  is 
granular,  and  the  grains  have  an  elongated  shape,  and  are 
pointed  and  slightly  crooked  at  their  ends,  givuig  the  idea  of 
a  |x>werful  force  having  been  enq>]oyed  to  pr<Klnee  the  frac- 
ture. When  a  bar,  presentiniij  those  apjmarances,  is  ham* 
mered,  or  drawn  out  into  small  bai*s,  the  surface  of  fmcturo 
of  these  bars  will  have  a  %ery  marked  fibrous  appearance,  the 
filaments  being  of  a  white  color  and  very  elongated. 

266.  \Vlicn  the  texture  is  either  laminated,  or  crystalline,  it 
is  an  iiidittation  of  some  defect  in  the  metal,  arising  either 
from  the  mixture  of  foreign  ingredients,  or  else  from  some 
neglect  in  the  process  of  forging. 

261.  Burnt  iron  is  of  a  clear  gray  color,  with  a  slight 
shade  of  blue,  and  of  a  slaty  texture.     It  is  soft  and  brittle. 

268.  Cold  short  iron,  or  iron  tliat  cannot  be  hammered 
when  cold  without  breaking,  presents  nearly  the  Bume  appear- 
ance as  burnt  iron,  but  its  color  inclines  to  white.  It  is  very 
bard  and  brittle. 

269.  Hot  short  iron,  or  that  which  breaks  under  the  ham- 
mer when  heated,  is  of  a  dark  color  without  lustre.  This  de- 
fect is  usually  indicated  in  ttie  bar  by  numerous  cracks  on  the 
edges. 

270.  The  fibrous  texture,  which  is  developed  only  in  smaU 
bars  by  hammering,  is  an  inherent  quality  of  good  iron  ; 
those  varieties  whic^  are  not  susceptible  of  receiving  this  i>e 
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euliar  ttixture,  are  of  an  inferior  qiiaKty,  and  slionld  never  be 
used  for  purposes  requiring  ^reat  streagtli :  the  filf.inents  of 
bad  varieties  are  short,  and  the  fracture  is  of  a  deep  color,  b©* 
tween  lead  gray  and  dark  gray, 

27L  The" best  wroii^ht  iron  presents  two  varieties;  the 
Hard  and  the  Soft.  The  hard  variety  is  very  strong  and 
ductile.  It  preserves  its  granular  texture  a  long  time  under 
the  action  of  the  hammer,  and  develops  only  the  fibrous 
texture  when  beaten^  or  drawn  out  into  small  rods :  its  fila- 
ments then  present  a  silver- white  apfiearance, 

272.  The  soft  variety  is  weaker  than  the  hard ;  it  yields 
easily  to  the  hammer;  and  it  commences  to  exliibit,  under  its 
action,  the  tibrons  texture  in  tolerably  lar^^  bars.  The  color 
of  the  fibres  is  between  a  silver  white  and  light  gray. 

273.  Iron  may  be  naturally  of  a  good  quality,  and  still, 
from  being  badly  refined,  not  present  the  appearances  which 
are  regarded  as  sure  indications  of  its  excellence.  Among 
the  defects  arising  from  this  cause  ai*e  hlwters^  Jlaws^  ana 
dnder-hoUs.  Generally,  however,  if  the  surface  of  fracture 
presents  a  texture  partly  crystalline  and  partly  fibrous,  or  a 
fine  granular  texture,  in  which  some  of  the  grains  seem 
pointed  and  crooked  at  the  points,  together  with  a  light  gray 
color  without  lustre,  it  will  indicate  natural  gCK>d  qualities, 
which  require  only  careful  refining  to  be  fully  developed. 

274.  Tlie  strength  of  wrought  iron  is  very  variable^  as  it 
depends  not  oidy  on  the  natui-al  qualities  of  the  metal,  but 
also  upon  the  care  bestowed  in  forging,  and  tlie  greater  or  less 
compression  of  its  fibres,  when  draw^i  or  hammered  into  bars 
of  different  sizes. 

275.  In  die  Report  made  by  the  sub-committee,  Messrs. 
Johnson  and  Reeves,  on  the  strength  of  Boiler  Iron  {Journal 
of  Franklin  Institute^  vol,  20,  ^ew  Ser^ies)^  it  is  stated  that 
the  following  order  of  superiority  obtains  among  the  different 
kinds  of  pig  metal,  with  respect  to  the  malleable  iron  which 
they  furnish:^!  Lively  gray ;  2  White ;  3  Mottled  gray  * 
i  Dmdoray  ;  5  Mixed  metals. 

The  Report  states,  **  So  far  as  these  experiments  may  be 
considered  decisive  of  the  question,  they  favor  tlic  ligbter 
c»>niplexion  of  the  cast  metal,  in  preference  to  the  darker  and 
mottled  varieties;  and  they  jjlace  the  mixture  of  different 
sorts  among  the  worst  moditi coitions  of  the  material  to  be 
used,  where  tlie  object  is  mere  tenacity." 

276.  These  experiments  also  show  that  piling  iron  of  dif« 
ferent  degrees  of  fineness  in  the  same  plate  is  injurious  to  iti 
quality,  owing  to  the  consequent  inequality  of  the  welding. 
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2T7*  From  them  expcrinieiits,  the  mean  specific  grii\ity  oJ 
bDiler  iron  is  7.7344,  and  of  bar  iroiij  7*7254* 

278.  Durability  of  Iron.  The  durability  of  iron,  under 
the  diffcrinit  cireiiinetaiires  of  exposure  to  which  it  maj  be 
submitted,  clepeiida  on  the  inanner  in  which  the  casting  may 
have  been  made  ;  the  bulk  of  the  piece  employed  ;  the  more 
or  less  homogeneouBoess  of  tlie  mass ;  its  density  and  hard- 
ness. 

279.  Among  the  most  recent  and  able  researches  upon  the 
action  of  the  ordinary  corrosive  agents  on  iron,  and  the  pre- 
servative meauB  to  be  employed  against  them,  those  of  Mr, 
Mallet,  ^iven  in  the  Kepurt  alreadv  mentioned,  hold  the  tirst 
rank.  A  brief  recapitidation  of  tlie  most  prominent  conclu- 
sions at  which  he  has  arrived,  is  all  that  can  be  attempted  in 
this  place, 

280.  When  iron  is  only  partly  immersed  in  water,  or 
wholly  immersed  in  water  composed  of  strata  of  different 
densities,  like  tliat  of  tidal  rivers,  a  voltaic  pile  of  one  solid 
and  two  fluid  bodies  is  f'>rmed,  wliif.h  causes  a  more  rapid 
ourrogion  than  when  the  liquid  is  of  uniform  density. 

281.  The  corrosive  action  of  the  foul  sea  water  of  docks  and 
harboi-s  is  far  mnre  powerful  than  that  of  clear  sea  or  fresh 
water,  owing  to  the  action  of  tlie  hydro-sulphuric  acid  which, 
being  diBcngaged  from  the  mud,  impregnates  the  water,  and 
acts  on  the  iron» 

282.  In  clear  fresh  river  water,  the  corrosive  action  is  less 
than  under  any  other  circumstances  of  immersion  ;  owing  to 
the  absence  of  corrosive  agents,  and  the  firm  adliereuce  of  the 
oxide  formed,  which  presents  a  hard  c*>at  that  is  not  waslied 
off  as  in  sea  water* 

283*  In  clear  sea  water,  tlie  rate  of  corrosion  of  iron  bars, 
one  inch  thick,  is  from  3  to  4  tenths  of  an  inch  for  cast  iron 
in  a  century,  and  about  6  tenths  of  an  inch  for  wrought 
iron, 

284,  Wrought  iron  (*orrodes  more  rapidly  in  hot  sea  water 
than  under  any  otiier  circunistances  of  mnnersion. 

285.  The  same  iron  when  cliill  t^ast  coiTcdes  more  rapidly 
than  when  cast  in  green  saud ;  tliis  arises  from  the  chilled 
surface  being  less  uniform,  and  theref(*re  forming  voltaic 
eouplee  of  mm  of  different  densities,  hy  wliich  the  rapidity 
of  corrosion  is  increased. 

286,  Castings  made  in  dr}*  sand  and  loam  are  more  durable 
ander  water  than  tlu^se  made  in  green  sand. 

287.  Thin  bars  of  iron  corrode  more  rapidly  than  those  of 
more  bulk.     This  difference  in  the  rate  of  corrosion  is  more 
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ttnkiD^  in  the  scft,  or  graphitic  specimens  of  cast  iron,  than 
in  the  hard  and  silveiy.  It  is  caused  by  the  more  r^pid  rate 
of  cooling  in  thin  tlian  in  thick  hars,  by  which  the  deusitv  of 
the  surface  oi  the  former  becomes  less  nnift*nn.  These 
causes  of  destructibility  may,  m  some  degree,  be  obviated  iti 
usstings  composed  of  ribbed  pieces,  by  niakiiit:^  the  ribs  of 
equal  thickness  with  the  main  pieces,  and  causing  them  to  be 
oooled  in  the  sand,  before  stripping  the  moulds. 

288.  The  hard  crust  of  cast  iron  pn)mutes  its  durability; 
when  this  is  i^emoved  to  the  depth  of  one-fourth  of  an  inch, 
the  iron  corrodes  more  rapidly  in  both  air  and  water. 

iJ89*  Corrosion  takes  place  the  less  rapidly  in  any  variety 
of  iron,  in  proportion  as  it  is  mom  homogeneous,  denser, 
harder,  and  closer  grained,  and  the  less  graphitic, 

290.  Preservatives  of  Iron. — The  more  ordiiiaiy  means 
nsed  to  protect  iron  against  the  action  of  corrosive  agents,  con- 
sist of  paints  and  varnishes.  These,  under  the  usual  circum- 
stances of  atmospheric  exposui^  are  of  but  slight  effit^acy,  and 
require  to  be  frequcntl^r  renew^ed.  In  water,  they  are  all 
rapidly  destroyed,  with  the  exception  of  boiled  coal-tar,  which 
when  laid  on  hot  iron,  leaves  a  bright  and  solid  varnish  of 
considerable  durability^  and  protective  power, 

291.  The  rapidly  increasing  pnrjwses  to  w^hich  in)n  has 
been  applied,  witliin  the  last  few  veal's,  hsis  led  to  researches 
upon  tlie  agency  of  electro-chemical  action,  as  a  means  of 
pmtecdng  it  from  corrosion,  both  in  air  and  water.  Among 
the  processes  resorted  to  for  this  purj>o8e,  tliat  of  zinhing^  or 
as  it  is  more  commonly  known,  galvanizing  iron  has  been 
most  generally  introduced*  The  experiments  of  Mr,  Mallet, 
on  tliis  process,  are  decided Iv  against  zinc  as  a  permanent 
electro-chemical  protector.  Mr.  Mullet  states,  as  the  result  of 
his  observations^  that  zinc  applied  in  f  usi{)n,  in  the  ordinary 
manner,  over  the  whole  surface  of  iron,  will  not  preserve  it 
longer  than  about  two  yeai's;  and  that,  so  smjii  as  oxidation 
commences  at  any  point  of  the  iron,  the  protective  power  of 
the  zinc  becomes  considerably  diminished,  or  even  entirely 
mill.  Mr,  Mallet  concludes:'  "On  the  whole,  it  may  be 
affirmed  that,  under  all  circumstances,  zinc  has  not  yet  been 
BO  applied  to  iron,  as  to  rank  as  an  electn>cheraical  protector 
towards  it  in  the  strict  sense ;  hitherto  it  has  ni>t  become 
a  preventive,  but  merely  a  more  or  less  effective  palliative  to 
destruction," 

292.  In  extending  his  researches  on  this  subject,  with 
alloys  of  copper  and  zinc^  and  copper  and  tin,  Mr,  Mallet 
found  that  the  alloys  of  the  last  metals  accelerate  the  corro 
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dm  of  iron^  when  voltaical*y  liSBociated  with  it  in  sea  water ; 
Aid  that  an  alloy  of  tiie  two  lii^t,  represented  bj  23Zn  r 
ftCi/,  In  e^»nta<*t  with  inm,  protects  it  as  fully  aa  zinc  alone, 
atid  fiMffcr»  but  little  lo8fl  from  the  electiXKchermcal  action  j 
rha*  tircwcnting  a  protective  energy  moi-e  permanent  and  in- 
varianle  than  that  of  zinc,  and  giviug  a  nearer  approxima- 
tion to  the  solution  of  the  problem,  *'  to  obtain  a  mode  of 
electro-cliemic^l  protection  snch^  that  while  the  iron  Bhall  be 
preienred  the  protector  shall  not  be  acted  on,  and  whi«e  pro- 
tection shall  be  invariable." 

293.  In  Uie  cour^  of  his  experiments,  Mr,  Mallet  aseer^l 
tained  tlmt  the  softest  gray  cast  iron  bears  such  a  voltaiol 
relation  to  hard  bright  cast  iron,  when  immersed  in  sea  water 
and  voltaieally  as&(x;iated  with  it,  that  although  oxidation 
will  not  be  prevented  on  eitlier,  it  will  still  be  greatly  retard- 
ed on  the  hard,  at  the  expense  of  the  soft  iron. 

294.  In  cc»iicluding  the  details  of  his  important . ^ 

on  this  Bubject,  ^r.  Mallet  makes  the  following  jndick 
remarks :  '*  The  engineer  of  obserrant  habit  will  soon  hftif 
perceived,  that  in  exposed  works  in  iron,  equality  of  eecdoii  j 
or  scantlings  in  all  parts  sustaining  eqnal  strain,  is  far  from] 
insuring  equal  passive  power  of  permanent  resistance,  nnlesBi 
in  addition  to  a  general  allowance  for  IO60  of  sabstance  b} 
oormsion,  this  latter  element  be  so  ]         '1  for,  that  it  1" 
be  ©anally  balanced  over  the  wh<  !  Mire;  or,  if 

ikall  iHf  comrielled  to  confine  itself  tu  portions  of  the  ^emer 
gimcture,  which  nmy   loae  substance  without  tnjnnog  tts^ 
embility/' 

^The  princtplea  we  ha^e  already  eetabliabed  sufficieDdj, 

Eide  us  in  the  modes  of  effecting  tma ;  regard  mnat  nol  fm^ 
had  to  the  oontaet  of  dnsimilar  metals,  or  of  tbe  aatne  in 
disainular  flnida,  but  to  the  scantling  of  the  eastmg  and  of  ita 
parts,  and  to  the  contact  of  caat  iron  with  wrrmgfat  inm 
ited^  or  of  one  sort  of  cast  iron  with  another.    Thoa,  in  a  1 
panaioii  brkte^  if  the  links  of  the  duuna  be  hammi^^ed^  '^^l 
the  pins  roU^  the  latter,  "wbere  eaittllj  exposed,  will  be  c 
en  away  long  before  tiie  fcmn^.    In  marine  sleam^ioilera,  1 
rivets  are  hanlened  bj  hammeriiig  until  cold;  the  / 
therefore,  are  csofroded  throii|h  ronnd  the  rims&i  before  1 
hare  suffered  eenaibly ;  and  m  the  mirfiEii^  and  €atMS~ 
of  engines  working  with  aea  wafer,  er  in  pilwcri^  and  ] 
liftiiiii;  niiiieralized  or  *  bad '  water  from  miiiei^  tlie  1 
i>erishe^  fim  round  the  holes  throogh  iHUcii  wrueghi 
iHylts^  &c^  are  inserted.    And  abondatit  odier  ingi 
be  gtTen,  showily  that  the  eCeeli  Itera  ^ohai  of  are  in  pne^ 
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tieal  operation  to  an  extent  that  ehould  press  the  ineaDS  of 

conn terai! ting  thera  on  the  attention  of  the  engineer." 

205.  Since  Mr,  Mallet's  Report  to  the  British  Association, 
he  has  inTented  two  processes  for  the  protection  of  iron  from 
the  action  of  the  atmijephere  and  of  water ;  the  one  by  means 
of  a  coating  foj-nied  of  a  triple  alloy  of  zinc,  mercury,  and 

Liodiom,  or  p<»tdssinm  ;  the  other  by  an  amalgam  of  palladium 

*wid  mercury. 

296.  The  firet  process  consists  of  forming  an  alloy  of  the 
metals  used,  in  the  following  manner.  To  1,292  parts  of  zinc 
by  weiglit,  in  a  state  of  fusion,  202  parts  of  merenr)^  are  add- 
ed, and  the  metals  are  well  mixed,  by  stirring  witli  a  rod  of 
dry  wood,  or  one  of  iron  coated  with  clay  ;  sodium,  or  potas 

•sium  is  next  added,  in  small  quantities  at  a  time,  in  the  pro- 
f portion  of  one  pound  to  ever^^  ton  by  weight  of  the  other  two 
metals.  The  iron  to  be  coated  with  this  alloy  is  first  cleai'ed 
of  all  adhering  oxide,  by  immersing  it  in  a  warm  dilute  so- 
lution of  sulphuric,  or  of  hydrochloric  acid,  washing  it  in 
clear  cold  water,  and  detaching  all  scales,  by  striking  it  with 
a  hammer  ;  it  is  tlien  scoured  clean  by  the  hand  with  sand,  or 
emer}',  imder  a  small  stream  of  water,  until  a  bright  metallic 
Instj^  is  obtained ;  while  still  wet,  it  is  immersed  in  a  batk 
tfonned  of  equal  parts  of  the  cold  saturated  solutions  of  chlo- 
[Hde  of  zinc  and  sal-ammoniac,  to  wliich  as  much  more  solid  sal 
amoniac  is  added  as  the  solution  will  tuke  up.  The  iron  is 
allowed  to  remain  in  this  bath  until  it  is  covered  by  minute 
bubbles  of  gas  ;  it  is  then  taken  out,  allowed  to  drain  a  few 
seconds,  and  plunged  into  the  fused  alloy,  from  w^hich  it  is 
withdrawn  so  soon  as  it  has  acquired  the  same  temperature. 
When  taken  from  the  metallic  bath,  the  iron  should  be  plung- 
ed in  cold  water  and  well  washed. 

297.  Care  must  be  taken  that  the  iron  be  not  kept  too  long 
in  the  metallic  batli,  otherwise  it  may  be  fused,  owing  to  the 
great  affinity  of  the  alloy  for  iron.  At  the  proper  fusing 
temperature  of  the  alloy,  about  680°  Fahr.,  it  will  dissolve 
plates  of  iron  one-eighth  of  an  inch  thick  in  a  few  seconds; 
on  this  account,  whenever  small  articles  of  iron  have  to  be  pro- 
tected, the  affinity  of  the  alloy  for  iron  should  be  satisfied,  by 

^  fusing  some  iron  in  it  before  immersing  that  to  be  coated. 

298.  The  other  process,  winch  has  been  termed  jialladiumi^ 
I  tnjT,  consists  in  coating  the  iron,  prepared  as  in  the  firat  pro- 

for  the  reception  of  the  metallic  coat,  with  an  amalgam 
of  palladium  ana  mercury, 

290.  CJomigated  Iron. — This  term  is  applied  to  sheet  iron 
prepared  by  being  moulded,  and  having  the  plane  surface 
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broken  bv  longitudinal  or  sectional  ridges,  for  the  purpose  af 
cciving  the  sheet  ^reat  stiffness  and  strength.     Corrug'ated  iron 
iBiit^cJ  principally  for  roofing,  and  sometimes  in  place  nf  brick 
for  forming  the  arches  between  the  iron  beams  in  fire-proof  | 
atruetui'es. 

300,  Steel. — The  name^f^Hs  given  to  a  compound  of  iron 
and  carbon,  in  which  the  amount  of  iron  is  usnally  not  leea 
than  07  per  cent  Where  the  amount  of  carbon  is  less  than 
.0005,  the  compound  is  termed  steely  iron;  when  more  than 
1.8  the  compound  is  cast  iron. 

Steel,  like  iron,  is  seldom  pure,  containing  other  substanoeSi 
of  which  sulphur  and  silicon  are  the  most  common* 

The  different  kinds  of  steel  are  named  either  fi^m  the 
modes  of  manufacture»or  their  appearance,  or  from  some  con- j 
Btitiient,  or  from  some  inventors  process.  Thus  we  hare  I 
natural  steels  obtained  directly  from  the  ores  and  bearijigj 
mostly  local  names;  blistered,  shear,  tilted  and  erncible  or! 
east  steel ;  Wook  or  Damask  steel;  Eessemer^s  and  Martin's] 
steel ;  tungstein,  chromium,  and  titanium  steel. 

Tliese  varieties  are  obtained  by  various  processes.  Thus 
weh&vethepuddlmg  process  by  which  the  varieties  of  natti  ml 
Hteel  are  made ;  the  cementative  process ;  tlie  Martiii-Siemema  j 
process ;  the  Bessemer  process,  &c. 

The  average  specific  gnivity  of  natural  steels  is  7.5;  ofl 
tilted  steel  TA* ;  cast  steel  7*8;  Bessemer  steel  from  7*79  to  | 
7.87 ;  chromium  steel  from  7.81  to  7.85. 

The  chromium  steel  is  said  to  possess  the  'greatest  tensile 
strength ;  and  among  tlK»sc  more  abundantly  manufactored 
the  Bessemer  still  ranks  highest  in  this  respect 

COPFEB- 


301.  The  most  ordinary  and  useful  applicatiiin  of  this 
metal  in  constructions,  is  that  of  sheet  copper,  which  is  used  I 
for  nxjf  coverings,  and  like  purposes.  Its  durability  under  j 
the  ordinary  changes  of  atmosphei^is  ver}^  great.  Sheet  coi>-| 
per,  when  quite  tJiin,  is  apt  to  be  defective,  from  cracks  ari-j 
iing  fnim  the  process  of  drawing  it  out  These' ma}^  bef 
remedied,  when  sheet  copoer  is  to  be  used  for  a  water-tight 
sheathing,  by  tintiing  the  sheets  on  one  side.  Sheets  prepared  j 
hi  tills  way  have  been  found  to  be  very  durable. 

The  alloys  of  cop]>er  and  zinc,  knovm  under  the  name  of] 
hra>f8,  and  those  of  copper  and  tin,  known  as  bronze^  ffunrmeial^l 
imd  beUrmetal^  are,  in  some  cases,  substituted  for  iron,  owing 
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V  ^imr  superior  hardness  to  copper,  and  being  less  readil  v 
i>.^dtzed  than  iron. 

zmo, 

302,  This  metal  is  used  mostly  in  the  form  of  sheets ;  and 
for  watc^r-tiglit  sheatliine:s  it  has  nearly  displaced  every  other 
kind  of  eheet  raetaK  The  pure  iiietallic  sm-face  of  ziac  soou 
fceeomee  covered  with  a  very  tJiin,  hard,  transparent  oxide, 
'which  is  unchangeable  both  in  air  and  water,  and  presen^es 
tie  metal  beneath  it  from  farther  oxidation.  It  is  this  prop- 
erty  of  the  oxide  of  zinc,  which  renders  this  metal  so  valua- 
ble f<.)r  sheathing  purp<:>8e3 ;  but  its  durability  is  dependent 
npon  its  not  being  oronglit  into  contact  with  iron  in  the  pres- 
ence of  moisture,  as  tlie  galvanic  action  which  w^ould  then 
ensue,  would  soon  destroy  the  zinc.  On  the  same  accoimt 
2nuc  should  be  perfectly  free  from  the  pi-eaence  of  iron,  as  a 
very  small  quantity  of  the  oxide  of  this  last  metal,  when  con- 
lined  in  zincj  is  found  to  occasion  its  rapid  destruction. 

Besides  the  alloys  of  zinc  already  mentioned,  this  metal 
tilloyed  wnth  copper  forms  one  of  the  most  useful  mJdej's;  and 
its  alloy  with  lead  has  been  proposed  as  a  cramping  metal  for 
unitini^  the  parts  of  iron  work  together,  or  iron  work  to  other 
tnalenals^  in  the  place  of  lead,  which  is  usually  emplr>yed  for 
this  }»urpose,  but  which  accelerates  the  destruction  of  iron  in 
contact  with  it. 

803.  Tlie  most  useful  application  of  tin  is  as  a  coating  for 
iheet  iron,  or  sheet  copper:  the  alloy  which  it  forms,  in  thia 
way,  upon  the  surfaces  of  the  metals  in  question,  preserves 
thera  for  some  time  from  oxidation.  Alloyed  \vith  lead  it 
farms  one  of  tlic  most  useful  Rilders. 

LEAD* 

304.  Lead  in  sheets  forma  a  very  good  and  durable  roof 
coshering,  but  it  is  Inferior  to  both  copper  and  zinc  in  tenacity 
and  durability;  and  is  very  apt  to  tear  asunder  on  inclinea 
lurfaces,  partictUarly  if  covered  with  other  raateriala,  as  in 
the  ciise  o!  the  capping  of  water-tight  arehea. 
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pAijrrs  Am}  vabnisheb* 

305.  Paints  are  mixtures  of  certain  fixed  and  volatile  oilc^ 
cliieflv  those  of  linseed  and  turpentine^  with  several  of  the 
metallic  dalta  and  oxidee,  and  other  eubstancee  which  are  naed 
either  as  pigmentB,  or  to  give  what  is  termed  a  bodi/  to  the 
paint,  and  also  to  improve  its  drj'ing  propertiet. 

306.  Paints  are  mainly  need  as  protective  aeenta  to  aecore 
wood  and  metals  from  t^e  dei^tnictive  action  of  air  and  water. 
This  they  bnt  imperfectly  effect,  owing  to  the  miBtable  nature 
of  the  oils  that  enter  into  their  compel  tion,  which  are  not 
only  destroyed  by  the  very  agents  aminst  which  they  are  used 
as  protectors,  but  by  the  chemical  ^langes  which  result  from 
the  action  of  the  elements  of  the  oil  upon  the  metallic  salts 
and  oxides. 

307*  Paints  are  more  durable  in  air  than  in  water*  In  the 
latter  element,  whether  fresh  or  salt,  particularly  if  foul, 
paints  are  soon  destroyed  by  the  cshemieal  changes  which  take 
place,  both  &om  the  action  of  the  water  upon  the  oils,  and 
tliat  of  the  hydrosulpharic  acid  contained  in  foul  water  upon 
the  metallic  salts  ana  oxides. 

308.  HoweTer  carefully  made  or  applied,  paints  ecxm  be- 
come permeable  to  water,  owing  to  the  very  minote  pores 
which  arise  from  the  chemical  changes  in  their  constituents. 
These  changes  will  have  but  little  influence  upon  the  preser- 
vative action  of  paints  upon  wood  exposed  to  the  effects  of 
the  atmosphere,  provided  the  wood  be  well  seasoned  before 
the  paint  is  applied,  and  that  the  latter  be  renewed  at  suitable 
intervals  of  tima  On  metals  these  changes  have  a  ver>'  im- 
portant bearixL^.  The  penseability  of  the  paint  to  moisture 
causes  the  smrnoe  of  the  metal  under  it  to  rust,  and  this  cause 
of  destruction  is,  in  most  cases,  promoted  by  the  chemical 
changes  which  the  paint  undergoes. 

3o3.  Vaxniahfie  are  solutions  of  Tariooa  resinous  sobstaiioes 
in  solvents  which  possess  the  property  of  drying  rapidly 
Tiiev  are  used  for  the  same  purposes  as  paints,  andnave  gen 
erally  the  same  defects. 

310.  The  following  are  some  of  the  more  usual  oomposi 
of  plants  and  vaniiibBa, 
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WTiite  Paini  {for  aoDptmed  toootf). 

White  lead,  groond  in  oH ....,«•••..••...  80 

BoUedoiL .* ......-•••    9 

Bawoa .••    • 

Spiziti  tQrp«ntixi6 4 

The  white  lead  to  be  ground  m  the  oil,  and  the  epirite  ^1 

turpentine  added, 

BlaekPainL 

Lmmp-blaok, ».**.•• «..28 

Litiiarge * 1 

Japan  Tamiab.. , ,     1 

lafiMfidoU,  boiled.. •,,.. 79 

Spdntt  t«trp«iitiiie. 1 

Lead  Oohr, 

Wbite  lead,  grotmd  in  oil ,  76 

Lamp-black. *..... , .  1 

Boiled  linseed  oil 28 

lithazge .,,,  a5 

J«4Mm  yamiBb •....*....*.. • •  «  OL  6 

Spiiite  tarpentiae ,.*.«, 2.5 

Gray^  cr  Stcns  Color  (for  tmUdingi). 

White  lead  ground  in  oil. 78 

Boiled  oil. 9, 5 

Raw  oil .,,,., 9. 5 

Spirit*  of  turpentine^ ., , , ,  8 

Ttirkey  umber, , *-•.•...  0*5 

Lamp-black........... ,.,  0.2ff 

Laekera  for  OaH  Brm, 

I.  '-Black  lead*  pulverised, 12 

Red  lead. 12 

Lithaige , , 0 

IjUDp-blaok , 5 

Linseed  oil... .,*... ,.,....... 86 

i.  —  Anti-oorrosion- ..••• 401ba. 

Orant^ft  blacky  ground  in  oil 4  ** 

Bed  lead^  aa  a  dryer ,.,,,,*,.,,     8  *' 

Linaeed  oil .....••*.»•,.• 4  gait, 

8piriti  turpentine ,,.••». 1  puii 

Copal  Vamuh, 

Gumeopal  (in  clean  lumpe). 26.5 

Boiled  linseed  oiL , 43.6 

Spirits  turpentine 81 

Japan  VanuMh. 

Litharge , , ^  .,,•••  4 

Boiled  oil 87 

Spirita  turpentine. .•••♦..... ..,.•  2 

Bed  lead.. ..•...,,. 6 

Umber ,.  1 

Qnm  ahellao 8 

Sugar  of  lead i 

White  ritriol 1 


its 

Tit  j«r.5Arri;n*  \£  rut  w*^^  tr.iin5#siBrf  ji*  «n  ^"^f^fs^  ca  IOC 

7'  it  ^Muut^lu.  luj^^.  >.iljm.  ^n-  'ait  2*trin.  ^a«:uig»  for  ocnsr 

hnutuoL  tt  jSiiLik, - -...-^ .  fJI 

Jt«ja.  ,      . flu* 

Z^jtu^iii ^ . .  L# 

<A94i^  <ir  MUMrnoiaH.   ,. ^^ ^. * Ut 

:;.  Y4,vif;  i:  *jyyt^  :ii::  tai-.nn.-di.«i4»r  tutijhl  5»  Ajs  b«it  for 

o'/^jije  |.*:iLt.  ^^  :&  Tir!La«i-  v>  i>t  -.tt*id  V--  ff^rtecrrt  zm^eked  iron 

To  l>v  ]:>fc-  <yf  l</r^i,r^  iyt^Lxiv^Li^  i-itivc  4M  boCkd  in  an 
ir'/ji  \*fht^t\  t'jf  \Lr^cf:  *.t  fv*r  Id/zr^.  ^ii  i'}  liis.  </£  red  lead 

with  H>  j^lfc.  of  dri  -.^if  liLLs#fc«feifi  oil.  iiid  i^rii^  ifce  vncAe  to  a 

of  ^lim-auluJi :  Vy  >a  Lk-L  a^id  if  ^1-.  of  drying  liziseed  oil  at 
a  b«.^illiig  }i<r&t,  with  1:5  ir>6.  of  ca^.tttcV^uc  V^artiallT  diffiolved 
ill  (y/al'tar  i^ai/hti^a.  Pour  tLe  oyi.:e:.:«  *  i  ;Le  c<x-ood  TeSfiel 
iuto  the-  firfet.  aud  boii  tL^  wL'.ie  gti-tiy,  uiitil  the  vamieli, 
wIm-ij  tak^fii  up  between  two  spati;ia&.  is  found  to  be  tongh 
and  toys.  Titk  couipoeitioa.  when  quite  oJi  is  to  be  thinned 
down  for  tifee  witli  fr«>ni  30  Uj  Z^  gak.  of  spirits  of  turpentine, 
or  of  i'JKi\  naphtlia. 

313-  It  iti  rec^^ifirnended  that  the  iron  should  be  hoated  be- 
fore receivijig  thi^j  vaniijih.  and  that  it  should  be  applied  with 
a  fcj/atula,  or  a  flexible  slip  of  horn,  uistead  uf  the  ordinary 
brtifch- 

AN' hen  dry  and  hard,  it  is  stated  that  this  varnish  is  not 
acted  uix>n  by  any  moderately  diluted  acid  or  alkali ;  and, 
by  long  iinmersion  in  water,  it  does  not  form  a  partially  sol- 
uble hydrate,  as  is  the  case  with  purely  resinous  varuishei 
and  oil  paints.  It  can  with  difficulty  be  removed  by  a  sharp- 
(Kiinted  t^K>l ;  and  is  so  elastic,  that  a  plate  of  irrn  covered 
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With  it  may  be  bent  several  times  before  it  will  becoiae  de- 
tached* 

314.  Zoofagous  Paint.  To  100  lbs.  oi  a  mixture  of  dry^ 
ing  linseed  oil,  red  lead,  snlpliate  of  bar\  tes,  and  a  little 
epmte  of  turpentine,  add  20  lbs.  of  fbe  oxyeiilitride  of  copper, 
and  3  lbs.  of  yellow  soap  and  coin  in  on  rosin,  in  equal  pi*opor- 
tioDS,  with  a  httle  water. 

When  zincked  iron  is  exposed  to  the  atmosphere  alone,  the 
varnish  is  a  siiffieicnt  protection  for  it ;  but  when  it  is  im- 
mersed in  eea  water,  and  it  is  desirable,  as  in  iron  ehips,  to 
preTent  it  from  fouling,  by  nuirine  plants  and  animals  attaeli- 
mg  themselves  t<>  it,  the  paint  should  be  usedj  on  account  of 
its  poisonous  qualities.  The  paint  is  applied  over  the  varnish, 
and  is  allowed  to  harden  tlii*ee  or  four  days  before  immer- 

315.  Methods  of  Preserving  Exposed  Surfkces  of  Stone. 
Paints  and  similar  means  of  preservation  from  the  action  of 
the  weather  have  been  used  on  the  exposed  surfaces  of  ma- 
sonry comjx^sed  of  materials  that  were  found  not  to  with- 
etand  well  this  action  ;  besides  these,  preparations  of  the  alka^ 
line  silicates,  known  as  Eohible  glass,  have  of  late  been 
recommended  as  of  a  more  durable  chai'acter  for  this  pnrfjose. 
These  solutions  are  applied  either  by  syringes  or  by  a  brush 
to  the  surface  of  the  stone,  it  having  been  previously  cleansed 
of  all  extraneous  matter.  Three  applications  on  tliree  succes- 
sive days  are  said  to  be  sufficient  to  harden  and  preserve  any 
stone. 

Another  mode  of  effecting  tJie  same  object  has  been  pi-o- 
posed,  which  is  to  use  two  sohitions  of  mineral  substances 
which,  successively  applied  to  the  surface  of  the  stone,  shall 
form  an  insoluble  chemical  compound-  One  method  propos- 
ed is  to  saturate  tbe  stone  at  the  surface  with  a  weak  solution 
of  silicate  of  potash  or  soda,  on  which  a  solution  of  chloride  of 
calcium  or  barium  is  applied.  From  this  an  insoluble  silicate 
of  lime  or  barium  wnll  be  formed  in  the  pores  of  tlie  stone, 
which  will  render  it  weather-proof. 

Like  processes  have  been  used  for  dyeing  or  coloring  stone 
foi  certain  arcliitectural  effectf*.  For  this  piirjH>se  some  of 
the  soluble  sulphates  are  nsed  in  various  comoinations,  accord- 
ing to  tho  color  to  be  obtained. 
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816.  Whateveb  may  be  the  physical  structij^  of  materiala^ 
whether  fibrouB  or  granular,  experiment  has  fihown  that  they 
all  poeaess  certain  general  properties,  among  the  most  imDor- 
tant  of  which  to  the  engineer  are  thoee  of  ^ntradion^  eU/n- 
gallon^  dejlectiori^  tonvm^  lateral  adhts^ion^  and  shearing^  and 
the  resistance  which  these  offer  to  the  forces  by  which  they 
are  called  into  action. 

EXPEEOCENTAI.  EfiSSABOSES  ON  TB£   StSENOTO  OF  MATERIALS. 
L    GeNERAX   DeDOCTIONS   FROM   ExFEBOCEIfTS.      11.    StRENOTB 

OF  Stone.  III.  Strength  of  Mobtabs  and  Concbetes. 
IV.  Strength  of  Timbee.  V,  Strenoth  of  Cast  Iron, 
VL  Strength  of  Wrought  Iron.  VIL  Strength  op 
Steel.  VIIL  Strength  of  Copper.  IX-  Strength  op 

OTEEB  MatEBIAUS.      X.    LiNEAB  CoKTBACTION   AND    ExFAK 

BioK  OF  Metals  and  other  Materials  frok  Temferatitbs 
XL  Adhesion  of  Iron  Spoues  to  Tocbeb. 

STTMMABT. 

L 

GENERAL  DEDUCrnONB  FROM  EXPERIMENTS. 

Rijiftual  piopertiet  of  solid  bodies  viil  the  TAnou  eJOMrimeiits  to  t6tt  then 
(AztL  816-326). 

IL 

STBBliaTR    OF  8T0NX. 

Bgrfsfapoe  of  stone  to  onish!ii|r  >nd  tcv&srecie  ttrsliis  (ArtL  887-838). 

PSMticml  deductions  (Ait  8^). 

fapMislon  of  stooa  from  inoroMo  of  temf»efmtars  (Art  8d{^. 

IIL 

STRENGTH  OF  MORTABS  AHD  OQirOKSnEB. 

itMDgtli  of  moitvi  (ArtSL  886-84(t». 

flfltreogtli  and  other  pfopertiee  of  Portland  oemeBl  (Ait  841), 

ttecngtb  of  ooDoctto  and  Utoa  (Art  342). 
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IV. 

8TBENOTH  OF  TDCBEB. 

Renstanoe  to  tensfle  strain  (Axt  848). 
Bedstanoe  to  oompressiye  strain  (Art  844). 
Resistance  of  square  pillars  (Art.  845). 
Besistanoe  to  transyerse  strains  (Art.  840). 
Besistanoe  to  detrosion  (Art.  847). 

V. 

STRENGTH   OF  CAST   IKON. 

Resistance  to  tensUe  strain  (Art.  848). 

Resistance  to  compressive  strain  (Art  849-854). 

Resistance  to  transverse  strain  (Art  855-801). 

Influence  of  form  upon  the  strengiih  of  cast-iron  beams  (Art  803-864). 

Formulas  for  determining  the  ultimate  strength  of  cast-iron  beams  of  tf  M 

above  form  (Art  805). 
Effect  of  horizontal  impact  upon  cast-izon  bars  (Art.  806-807). 

VI. 

STRENGTH   OF  WROUGHT  IRON. 

Resistance  to  tensile  strain  (Art  808). 
Resistance  to  compressive  strain  (Art  809-878). 
Resistance  of  iron  wire  to  impact  (Art  878.) 
Redstanoe  to  torsion  (Art  874). 

VIL 

STRENGTH   OF  STEEL. 
Strength  and  other  properties  of  steel  (Art.  875). 

VIII. 

STRENGTH   OF   COPPER. 
Resistance  to  tensile  and  compressive  strains  (Art  870-877). 

IX. 

STRENGTH    OF    OTHER  METALS. 
Strength  of  cast  tin,  cast  lead,  gun-metal,  and  brass  (Art.  878). 

X. 

/JNBAR    OONTRAGTION  AND    EXPANSION    OF   METALS    AND    OTHEB 
MATERIALS  FROM  TEMPERATURE. 

XI. 

ADHESION  OF  IRON  SPIKES  TO  TIMBEB. 
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817*  All  solid  bodies,  when  siibniitttid  to  strains  by  which 
any  of  these  properties  ai'e  developed,  have,  within  cci*taiii 
liniitft,  tennrd  the  limits  of  ehiHiicitu^  tho  property  of  wholly 
or  partially  resuraiiig  their  ori^liml  state,  when  the  strain  is 
taken  off, 

318.  To  wliat  extent  bodies  possess  the  property  of  total  re- 
coveiy  of  form,  wiien  relieved  from  a  strain,  is  still  a  matter 
of  doubt.  It  has  been  genei*ally  assumed,  that  the  elasticity 
of  a  inatcrial  does  not  undergo  permanent  injury  by  any  strain 
lesH  than  aliout  (jne-third  of  tliat  which  would  entirely  destroy 
it«  furee  of  c*»he8ion,  tliereby  causing  rupture.  But  from  the 
moi'e  recent  experiments  on  this  ]M>int  made  by  Mr.  Ilodgkin- 
Bon  and  others  on  ea^t  iron,  it  apficars  that  the  restoring  ijower 
of  this  material  is  destroyed  by  very  slight  strains;  ana  it  is 
rendered  probable  that  tfiia  and  most  other  materials  receive 
a  pernianent  change  of  forni,  or  %et^  under  any  strain,  how- 
ever Bumtb 

310,  The  extension,  or  contraction  of  a  solid,  may  be  effect- 
ed either  by  a  force  Mcting;  in  the  direction  in  which  the  con- 
ti-aetion  or  elongaticm  takes  place,  or  by  one  acting  tmns- 
versely,  so  as  to  bend  the  body.  Experiments  have  been  made 
to  asecrtaifi,  directly,  the  proportion  between  the  amount  of 
contnictiiin  or  elongation,  and  the  forces  by  which  they  are 
produced.  From  tnese  experiments,  it  results,  that  the  con- 
tractions or  elongations  are,  within  certain  limits,  proportional 
to  tJie  forces,  but  that  an  equal  amount  of  contraction,  or  elon* 
gation  is  not  produced  bv  the  same  atnount  of  force.  From 
the  exoei'imentB  of  Mr.  "llodgkinaon  and  M.  Dulean,  it  ap- 
pears tnat  in  east  and  malleable  irtm  the  contraction  or  elon- 
gation caused  by  the  same  amount  tif  pressure  or  tension  is 
nearly  equal ;  while  in  timber,  according  t<»  Mr.  Ilodgkinson, 
the  amount  of  c<intractiou  is  about  foiij*-fifths  of  the  elonga- 
tif»n  for  the  aame  force, 

320.  When  a  Sf>lid  fjf  any  of  the  materials  used  in  construo- 
tions  is  acted  upon  by  a  force  so  as  to  produce  deflection,  ex- 
periment has  shown  that  the  fibres  towards  the  concave  side 
of  the  bent  solid  are  contracted,  while  those  towards  the  eon- 
vex  side  are  elongated;  and  tlnit,  between  the  fibres  which 
Hi-econtrafted  and  those  wliich  are  elongated,  othera  are  found 
which  liuve  not  underg<jnc  any  change  of  length.  The  part 
of  the  solid  occupied  by  tliese  last  fibres  has  received  the  name 
of  the  neutral  line  or  neufrcd  a;m, 

821,  The  h}^>ot!ie8is  usually  adtjpted,  with  respect  to  tliQ 
circumstances  attending  tliis  kind  of  strain,  is  that  the  con-  \ 
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Rons  and  elongations  of  the  fibres  on  each  side  of  the  nen- 
Itral axis  arc  proportional  tx> their  diata.ncesfrom  this  line;  and 
Ithat,  for  sligat  aeflectioiie^  the  neutral  axis  passes  through  the 
» centi^  of  gravity  of  the  sectional  area.  From  experimcntSj 
however,  by  Mr,  Hodgkinson  and  Mr.  Barlow,  on  bars  having 
a  rectangular  ci*o6s-section,  it  appears  that  the  neutral  axis,  in 
forged  iron  and  cast  iron,  lies  nearer  to  the  eoncave  than  to 
tlie  convex  surface  of  the  bent  solid,  and,  probably,  ehifts  its 
fH:>sition  when  the  degree  of  deflection  is  so  great  as  to  can&e 
rupture.  In  timber,  according  to  Mr.  Barlow,  the  neutral 
axifl  lies  nearest  to  the  convex  surface;  and,  from  his  experi- 
ments on  solids  of  forged  iron  and  timber  with  a  rectangular 
sectional  figure,  he  places  the  neutral  axis  at  about  mree- 
eighths  of  the  deptli  of  the  section  from  the  convex  side  in 
timber,  and  between  one-third  and  one-fifth  of  the  depth  of 
tJie  section  from  the  concave  side  in  forged  iron. 

322*  When  the  strain  to  which  a  solid  is  subjected  is  sut 
ticiently  great  to  destroy  the  coheaitm  between  its  particles 
atid  cause  rupture,  experiment  haa  shown  that  the  force  pro- 
ducing this  enect,  whether  it  act  by  tension^  m  as  to  draw  the 
fibres  asunder,  or  by  compression,  to  crush  them,  is  propor- 
tional ti>  tlie  sectional  area  of  the  solid* 

323,  From  experimentii  made  to  ascertain  the  circnmstan- 
ce*  uf  rupture  by  a  tensile  force,  it  appears  that  the  solid  torn 
apart  exhibits  a  surface  of  fi-acture  mor*e  or  less  even,  accord- 
ing to  the  nature  of  the  material. 

324.  Most  of  the  experiments  on  the  resistance  to  rupture 
by  compression,  have  been  made  on  small  cubical  blocks,  and 
have  given  a  measure  of  this  resistance  greater  than  can  be 
de[>ended  upon  in  practical  applications,  when  the  height  of 
the  s^ilid  exceeds  three  times  the  radius  of  its  base.  This 
point  bas  been  very  fully  elucidated  in  the  experiments  of 
Mr.  Hodgkinson  upon  the  rupture  by  compression  of  solids 
%vit!i  circular  and  rectangular  bases.  These  experiments  go 
to  prove  that  the  circumstances  of  rupture,  and  the  resistance 
offered  by  the  solid,  \'ary  in  a  constant  manner  with  its  height, 
the  base  remaining  tJie  same.  In  c<»hnnns  of  east  iron,  with 
cinnilar  sectional  areas,  it  was  found  tliat  the  resistance  i*e- 
mained  constant  for  a  lieight  less  than  three  times  tbe  radius 
r>f  the  base ;  that,  from  this  height  to  one  equal  to  six  times 
the  radius  of  the  base,  the  resistance  still  remained  constant, 
but  was  less  than  in  the  fonner  case;  and  that, for  any  height 
greater  than  six  times  the  radius  of  the  base,  tlie  resistance 
decreased  with  the  lieight.  In  the  two  fii-st  cases  the  &<:>lida 
were  found  to  yield  either  by  the  npper  portion  sliding  off 
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Tipon  tlie  lower,  in  tlio  direction  of  a  plane  making  a  contitaiit 

angle  witli  the  axis  uf  the  eolid ;  or  else  by  eeparating  into 
conical  or  wedgo*Bhaped  blocks,  having  the  upper  and  lowei 
surfaces  of  the  solid  as  their  basesT  the  angle  at  the  apex  be- 
inr,^  double  tliat  made  by  the  plane  and  axis  of  the  solid* 
With  regard  to  the  resistanee,  it  was  found  that  they  varied  in 
tlie  ratio  of  the  area  of  the  bases  of  the  solids.  Where  tho 
height  of  the  solid  was  greater  than  six  times  the  radius  of 
tJie  oafie,  ruphn-e  generally  took  place  by  bending. 

325,  From  experiments  by  Mr,  Hod^kiiison,  on  wood  and 
otlier  substances,  it  would  appear  that  like  circumstances  ac- 
company the  rupture  of  all  materials  by  compression  ;  that  16, 
withm  certain  limits^  they  all  yield  by  an  oblique  surface  of 
fracture,  the  angle  of  which  with  the  axis  of  the  solid  is  con- 
stant for  the  same  material ;  and  that  the  resistance  oifered 
within  these  limits  are  proix^rtional  to  the  areas  of  the 
baae^. 

326.  Among  the  most  interesting  deductions  drawn  by  Mr. 
Hodgkinson,  from  the  wide  range  of  hie  experiments  upon  tlie 
strength  of  materials,  is  tJie  one  which  points  to  the  existence 
of  a  constant  relation  between  the  resistances  oflfei*ed  by  ma- 
terials of  the  same  kind  to  rupture  from  compression,  tension, 
and  a  transverse  strain.  The  following  Table  givm  tliese  re- 
lations, assuming  the  measure  of  tho  crushing  force  at  lUOO. 


Diadizrxiox  ow  uATvaAU 


Timber 

GuBtiron.  ...^ 

Stone 

UUiu  (plate  and  oiown) 


Crafthlog  foroo  par 
■qUMTVlDCh. 


1000 
lOOO 

lOOO 
lOOO 


Mcsau  isoalle  totxsa 
pw  aquim  inch 


tooo 

158 
100 
128 


of  ■  bar  1  Inch  iqiuat 
mad  1  foot  loa^. 
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827  The  marked  difference  in  the  etnicture  aud  in  the 
proportione  of  the  component  elements  frequently  observed  in 
Btoiie  from  the  &ame  quarr}^  would  lead  to  the  conclusion 
that  corresponding  variations  Avoiild  bo  foinid  in  the  strength 
of  stones  belonging  to  the  same  class,  a  eonclusion  which  ex- 
periment has  confinned.  The  experimentB  made  by  different 
individuals  on  this  subject,  from  not  having  been  conducted 
in  the  same  manner,  and  from  the  omission  in  meet  cases  of 
details  respecting  the  structure  and  component  elements  of 
the  material  tried,  have,  in  some  instancei,  led  to  contradic- 
ronr  results.  A  few  facts,  however,  of  a  general  character, 
have  been  ascertained,  which  may  ser\^e  as  guides  in  ordinary 
case^  ;  but  in  important  structures^  where  heavy  pressures  are 
to  be  feustaiued,  direct  experiment  is  the  only  safe  course  fc»r 
the  engineer  to  follow,  in  selecting  a  material  from  untried 
quarries. 

^8.  0\\Hng  to  the  ease  with  which  stones  generally  break 
under  a  percussive  force,  and  from  the  comparatively  slight 
resistance  they  offer  to  a  tensile  force  and  to  a  transvei-se 
strain,  they  are  seldom  submitted  in  structures  to  any  other 
strain  tJian  one  of  compression  j  and  cases  but  rarely  occur 
where  this  strain  is  not  greatly  beneath  that  which  tlie  better 
class  of  building  stones  can  sustain  permanently,  without  no- 
de rgo  i ng  an  y  ch  ange  i  n  t li  e  i  r  pi i y s i  cal  p rop  e I't i  es.  Wh  e  re  the 
durability  of  the  stone,  therefore,  is  well  ascertained,  it  may 
be  safely  used  without  a  resort  to  any  specific  experiment 
upon  its  strength,  whenever,  in  its  structure  and  general  ap- 
peurance,  it  resembles  a  material  of  the  same  class  known  to 
De  good 

329.  The  following  table  exhibits  the  principal  results  of 
experiments  made  by  Mr.  G,  Rennie,  and  published  in  the 
Philosopkical  Tran^dctioyu  of  1818.  The  stones  tried  were 
in  small  cubes,  measuring  one  and  a  half  inches  on  the  edge. 
The  table  gives  tlie  pressure,  in  tons,  home  by  each  superficial 
inch  of  the  stone  at  the  moment  of  crnfihing. 


no 
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GranUm. 

Abeideeai,  {Uu$) 

Peterhead 

Gorowall 

SandiUmei, 

Dimdee 

Do 

Derby  (r«t{  and  fricMs) 

LirMStanm, 

Maihlt  {white-veined  Italian),,   ., 

Do.     (tohite  Brabant) 

Limerick  (blaek  compact) 

Deronahire  {red  marble) 

Porttand  itone  {fine-grained  ooUte), 


4.83 
4.11 
8.05 
&81 
2.04 


The  following  results  are  taken  from  a  series  of  experiinenta 
made  under  the  direction  of  Messrs.  Bramah  &  Sons,  and 
published  in  Vol.  1,  Transactions  of  the  Institution  of 
CvoU  Enaineers,  The  first  column  of  numbera  gives  the 
weights,  m  tons,  borne  by  each  superficial  inch  when  the 
stones  commenced  to  fracture ;  the  second  column  gives  the 
crushing  weight,  in  tons,  on  the  same  surface. 


snoBXPnoN  of  itovb. 


Ararago  onuhtag 
wdght. 


OramUee, 

Heriue • 

Aberdeen  ifHtie) 

Heytor 

Dartmoor 

Peterhead  {red) 

Peterhead  {Uue  gray) 

Sandetonee, 

Yorkshire 

Oraigleith 

Hambio '. 

Whitby 


6.64 
4.64 
6.19 
5.48 
4.88 
4.86 


8.94 
3.97 
2.06 
1.06 


The  following  table  is  taken  from  one  published  in  Vol 
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2^  Civii  mtjAUm'  and  Architects  Journal^  which  forms  a 

{lart  of  the  Kejport  on  the  subject  of  selecting  stoTie  for  the 
^ew  Houses  ct  Parliament  The  specimens  submitted  to  ex- 
periment were  cubical  lilocks  measuring  two  inches  on  an 
edge. 


Bp«dfla  gfmidty. 


Weight      prodii' 
cljig  {mcture. 


C^-iuhlac  < 


SandMUfne$. 

Crai^leifcli, ...» 

Darley  Dale 

Heddon. 

Kenton « , 

HaDBSjeld » 

Magn^an  IdmeiUmii. 

Bolsorer 

Hnddlestone » 

RoAch  Abbey,.... <.. 

Park  Nook 

OdKtm. 

Aneastcr 

B»th  Box 

Portland ., 

Ketton 

Bamack, 

Cbilmark  (filieknts}, ... 

Hamhill , 


2.283 
2.638 
2.229 
2.247 
2.338 


2.816 
3.147 
2.134 
2.138 


2J89 
1.8JI9 
2.145 
2.045 


2,mo 

2.481 
2.260 


2.21 

1.03 
0.75 
0.82 


a  75 

0.56 

0.05 
0.69 


1.04 
0.69 
1.75 
1,18 


0.79 
3.10 
1.80 


The  numbers  of  the  first  column  give  the  specific  gravities ; 
those  in  the  second  column  the  weij^ht  in  tons  on  a  square 
inch,  when  the  stone  commenced  to  fi*actiire ;  and  those  in  the 
third  the  crushing  weight  on  a  square  inch. 

The  following  table  exhibits  the  results  of  experiments  on 
the  resistance  ot  stone  to  a  traji^verse  strain,  made  by  Colonel 
Pasley,  cm  prisms  4  inches  long,  the  cross  section  being  a 

3uare  of  2  mches  on  a  side ;  the  distance  between  the  |Kunt9 
support  3  inches. 

330.  The  conductors  of  the  experiments  on  the  stone  for 
tlie  New  IIoDses  of  Parliament,  Messrs.  Daniell  and  Wheat* 
stone,  who  also  made  a  chemical  analysis  of  the  stones,  and 
applied  to  them  Brard's  process  for  testing  their  resistance  to 


ta 
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1.  Kentish  'Rn^ 

B,  Yorkuhire  Landitig 

8.  €oTniJih  granite . . . . 

i,  PorUand 

5.  Craigleith 

6.  Bath 

7.  Well'bum&d  bricki, 

8.  Inferior  bricka » , . . . 


Weiglit  ot  Mmw 
par  cnbia  ftxit 


105.69 

147,67 
173.24 
148.08 
144.47 
122.58 
9t71 


4581 
2887 
2806 
2688 

lase 

60« 
752 


frc>«t,  liave  appended  tlio  following  conclTisions  from  their 
experiments: — **If  t!ie  stones  he  drvidcd  into  classes,  aceor* 
ding  to  tlieir  chemical  eomnoeitionj  it  will  be  foniid  that  in 
r11  Btones  of  the  mime  class  tnere  exists  peneralW  a  elDee  rela- 
tion between  their  varicms  physical  qnahtiee.  Tliiis  it  will  be 
observed  that  the  Biieeimen  which  lias  the  greatest  specific 
pravity  possesses  the  greatest  cohesive  eti*eiipth,  a^fioros  tha 
least  miantlty  of  water,  and  disinte^^rates  the  least  by  the  pi'o- 
ceee  which  imitates  the  effects  of  wcatlier,  A  comparison  of 
all  the  experimeTits  ehc^wa  this  to  be  the  general  nilc,  though 
it  is  liable  to  individnal  exceptions.'^ 

**  But  this  will  Hot  enable  \m  to  compare  stones  of  different 
dassee  togetlicr.  The  sandstones  absorb  the  least  quantity  of 
water,  bnt  they  disintcf^mte  more  than  the  mngnesian  lime- 
stones, which,  considering  their  compactness,  absorb  a  great 

331.  Like  coTtclnsitms  to  the  preceding  were  reached  by  a 
commission  for  testing  the  projierties  of  some  of  the  stonea 
and  marbles  used  in  the  constniction  of  the  Capitol  at  Wash 
insrton. 

But  few  experiments  have  been  made  npon  the  strength 
and  otlier  properties  of  the  bnilding  sttmes  of  the  United 
States,  and  those  of  a  local  c!niracter.     From  the  reports  of  a 

finblie  commission,  and  of  Pntfessor  K.  Johnson,  on  the  mar* 
des  and  micaceous  stratified  stones  used  in  tlie  walls  and 
foundation!  of  the  Capitol  at  Washingt*m,  the  same  general 
conchjsions  were  arrived  at  as  in  the  rcjiort  of  Messrs.  Daniel] 
and  Wlieatstone  ab<tve  cited.  Tlie  strength  of  tlie  marbles 
wnbmitted  to  experiment  varied  fn.nn  about  seven  thousand 
to  twenty-four  thousand  pounds  tr>  tlie  square  inch;  the  mica 
ccous  stones  used  in  the  fuundatioTis  averaged  about  fifteen 
thousand  jHrnnds  to  the  square  incdi ;  some  specimens  of  sand* 
stone  gave  about  five  tliousand  pomids  to  tlie  square  inch;  and 
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one  of  sienite  about  twenty-nine  thousand  pounds  to  the  square 
inch- — Report  of  tfis  ArcAiUct  of  Pvhlic  BuUdingSj  Dec.  1, 
1852. 

332,  Rondelct,  from  a  numerous  series  of  experimeutu  on 
the  same  subject,  published  in  his  work,  Art  ae  JBdtir,  has 
arrived  at  like  coaclusions  with  regard  to  the  relations  between 
Uie  specific  gravity  and  strenglh  of  stones  belonging  to  the 
Bame  class. 

Among  the  i-esults  of  the  more  recent  experiments  on  this 
subject,  tliofte  obtained  by  Mr.  llodgkiiison,  showing  the 
relation  between  the  crushing,  the  tensile,  and  the  transverse 
strength  of  stone,  have  abeady  been  given. 

M.  Vicat,  in  a  memoir  on  the  same  subject,  published  in 
the  AntkAdea  den  PonU  et  Chausaees^  1833,  has  arrived  at  an 
opposite  conclusion  from  Mr.  Hodgkinson,  stating  as  the  re- 
sults of  hLa  experiments,  that  no  constant  relation  exists  be* 
tween  the  crushing  and  tensile  streuj^th  of  stone  in  general, 
and  tliat  there  is  no  other  means  or  determining  these  two 
furces  but  by  dii-ect  experiment  in  each  case. 

333.  The  influence  of  form  on  the  strength  of  stone,  and 
the  circumstances  attending  the  rupture  tJf  hard  and  soft 
stones,  have  been  made  the  subject  of  particular  experiments 
by  Rondelet  and  Vicat.  Their  experiments  agree  in  e8tal> 
lisliing  the  points  that  the  crusiiing  weight  is  in  proportion  to 
the  area  or  the  base.  Vicat  states,  more  generally,  that  tlio 
pennanent  weights  borne  by  similar  solids  of  stone,  under  like 
eircumstances,  will  be  as  the  squares  of  tlieir  homologous 
iidea.  These  two  authors  agree  on  the  point  that  the  circular 
fbnn  of  the  base  is  the  most  favorable  to  sti'cngth.  They 
differ  on  m<»st  other  points,  and  particularly  on  the  manner  in 
which  the  different  kinds  of  stone  yield  by  rupture. 

334-  Praotical  Deductions.  Were  stones  placed  undei 
the  same  circumstances  in  structures  as  in  the  experiments 
made  to  ascertain  their  strength^  there  would  be  no  difficulty  in 
assigning  the  fractiojial  part  of  the  weight  termed  tlie  work^ 
inff  gtmm  or  working  loofl  which,  in  the  comj)aratively  short 
period  visually  given  to  an  experiment,  will  crush  them,  could 
l>e  borne  by  them  permanently  with  safety.  But,  indepen- 
dently of  the  accidental  causes  of  destruction  to  wliit-h  struc- 
tures are  exp^jsed,  imperfections  in  the  material  itself,  as  well 
as  cai-eless  workmanship,  from  wliich  it  is  often  placed  in  the 
most  unfavorable  circumstances  of  resistance,  require  to  be 
guan.led  against.  M.  Vicat,  in  the  memoir  before  mentioned, 
states  that  a  permanent  strain  of  ^|^  of  the  crushing  force  uf 
uxpeiiment  may  be  borne  by  stone  without  danger  of  impair 
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ing  its  cohesive  strength,  provided  it  be  placed  under  the 
most  favorable  circumstances  of  resistance.  This  fraction  of 
the  crushing  weight  of  experiment  is  greater  than  ordinary 
circumstances  would  justixy,  and  it  is  recommended  in  prac- 
tice not  to  submit  any  stone  to  a  greater  permanent  strain 
than  one-tenth  of  the  crushing  wei^t  of  experiments  made 
on  small  cubes  measuring  about  two  inches  on  an  ed^. 

Other  authorities  state  that  cut  stone  in  cases  like  uie  vons- 
soirs  of  arches  and  stone  pillars  should  not  be  subjected  to  a 
working  strain  greater  than  ^th  of  the  crushing  weight  of 
experiment. 

The  following  table  shows  the  peraianent  strain,  and 
crushing  weight,  for  a  square  foot  of  the  stones  in  some  of 
the  most  remarkable  structures  in  Europe. 


■train. 

Pillan  of  the  dome  of  fit.  Pet«T'fl  (RnmA)  .......... 

83830 
80450 
60000 
90000 
8600 

686000 

Do.                      St  Paul's  {Lmdon) 

Do.                     St  Geoevidve  {ParU) 

Do.        Choroh  of  TOnssaint  {Angers) 

Lower  courses  of  the  piers  of  the  Bridge  of  Neuilly. . 

587000 
456000 
900000 
570000 

The  stone  employed  in  all  the  structures  enumerated  in  the 
Table,  is  some  variety  of  limestone. 

336.  Expansion  of  Stone  from  Increase  of  Tempera- 
ture. Experiments  have  been  made  in  this  coimtry  by  Frof. 
Bartlett,  and  in  England  by  Mr.  Adie,  to  ascertain  the  expan- 
sion of  stone  for  every  degree  of  Fahrenheit.  The  experi- 
ments of  Prof.  Bai-tlett  give  the  following  results : 

Granite  expands  for  every  degree 000004825 

Marble 000005668 

Sandstone OOOOOMSS 
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TabU  of  the  Expansion  ofStone^  etc^from  the  ExperimenU 
ofAlesmnaer  J,  Adie^  CivU  Engviie^^  Editiburgh, 


noa  or  btons. 


1.  BomAn  cemtiol . . , , 

3.  Cunn  iii&rtle........«.i 

6,  Bi»U  {Welch).,.,,,, 

7.  ArOroAtb  pavement , ,.,,.,. 

K    (JAlthnCM  IHAWtDVOL 

JO.  Gr»y  enuilte  (Afronfem)* , . 

IJ.  Be»t  (t^k  bri£k 

1^  Flrebridt 

1&  Black  marble  {6utway),„,. 


^*~*™^  °*  Decimal  of 
an  inch  on   ^l^Ztt^  Jll 

for  180- F.    ""   *^* 


.0880043 

.0150406 
.O'^TOCUS 
.Os!21sriAft 
.0^)41  ft 

,0900658 

.oiswm 
.msusoDs 

.OllfMHe 
,0118984 
.0103894 


.00H147 

.ooiumi 

.00W15."^« 
,0011748 

,0008085 
.0008089 

.ocwiTs-tt-ia 

.000&&0^ 
.OOO'lirjii! 
.00044&19 


Docdznal  of! 
)«o«th  tor 
1*F, 


.OOOOOTBO 
.00000700 

.00000008 
.OlM)0Oa68 
.OlNlOOSBS 
.IKK)00670 
.0tKX)0S83 
.nO00040B 
.OlXMXMOg 

.(KHM  1(1440 
.000U04aB 

.oooooaoo 

.00000974 
.QOU00347 


Oneexperlmciiit  (fiiofif) 
Mean  of  three  (cffif), 
Oa«  cxperUnoot  {nwiai}. 
Moan  of  two  (dry). 

Mean  of  four  extWiiiacafei. 

Mean  of  threw        do. 
One  ttxpertcaant  (moM). 
M«an  «^  two  {dry), 

Umxk  of  foor  experiment 

llean  of  tiir«a        do. 

Mean  of  three       do. 

Moan  of  tiro  do. 

Mean  of  two  do. 

M«an  of  two  do. 

Meanof  thna        do. 


lU. 
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336*  Strength  of  Mortars.  A  very  wide  lunge  of  experi- 
ments has  been  made,  witliiu  a  few  years  back,  by  engincei-a 
both  at  home  aod  abr€>adj  upon  the  resistance  offered  by  mor- 
tal's to  a  transversal  strain,  with  a  view  to  compare  their  qual- 
itiesj  both  as  regards  their  constituent  elements  and  the 
lirocesses  followed  in  their  manipiilutiun.  As  nu'ght  naturally 
have  been  anticipated,  these  experiments  have  presented  very 
diversified,  and  in  many  instances,  contradictory  results.  The 
general  conclusions,  however,  dmwn  from  them,  have  been 
nearly  the  same  in  the  majority  of  eases;  and  tliey  funiish 
the  engineer  with  the  most  rehable  guides  iu  this  important 
branch  of  his  ai-t* 

337.  The  usual  method  of  conducting  these  experiments  has 
been  to  subject  small  rectangular  prisms  of  mortas,  resting  on 
pointfi  of  support  at  their  extremities,  to  a  transversal  strain 
ap|died  at  the  centre  point  between  the  bearings.  This,  per- 
hjvjkft,  is  as  unexceptionable  and  convenient  a  method  as  can 
be  followed  for  testing  the  comparative  strength  of  mortars. 
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4tK  The  strength  of  common  mortars  is  con8idenvl)lv 
improved  by  the  addition  of  an  artificial  pazzDlana,  hot  more 
BO  by  the  aadition  of  an  hydraulic  cement 

5th.  Fine  sand  generally  gives  a  stronger  mortar  than 
coarse  sand, 

6th.  Lime  slaked  by  sprinkling  gave  better  results  than 
lime  slaked  by  drowning.  A  few  experiments  made  on  air- 
slaked  lime  were  unfavorable  to  that  mode  of  slaking. 

7th.  Both  hydraulic  and  common  mortar  yielded  better 
resnlts  when  made  with  a  small  quantity  of  water  than  when 
made  thin. 

8th*  Mortar  made  in  the  mortar-mill  was  fomid  to  be  au- 
perior  to  that  nnxed  in  tlie  usual  way  with  a  hoe, 

&th.  Fresh  water  gave  better  resnfts  than  salt  water. 

341.  Strength  and  Other  Properties  of  Portland  Cement. 
From  experiments  made  in  England  by  Mr.  Grant  on  the  re- 
BiBtance  to  crushing  .of  blocks  of  Portland  cement,  and  of 
Portland  cement  mortars,  the  following  rt^enlts  are  deduced. 

Ist.  The  strength  of  the  blocks  in  both  cases  increased  with 
time.  The  Ijlocks  of  pure  cement  bearing  respectively  nearly 
4,000  lbs.  on  the  square  inch  after  three  months  j  over  5,00l 
lbs,  at  six  months ;  and  nearly  f>,000  lbs,  at  nine  months, 

2d.  The  etrength  of  the  blocks  of  mortar  also  increased 
with  time ;  but  decreased  as  the  Tolume  of  sand  need  was 
increased.  The  blocks  made  with  one  vohime  of  sand  to  one 
t>f  cement  bore  about  2,500  lbs.  on  the  square  inch,  and  those 
made  of  six  volumes  of  sand  to  one  of  cement  959  lbs.  at 
tlie  end  of  thi*ee  months;  whilst  those  made  of  one  volume 
of  sand  to  one  of  cement  bore  4^561  lbs.  on  the  square  inch 
at  the  end  of  nine  months,  and  those  made  of  six  volumes  of 
sand  to  one  of  cement  bore  1,67S  lbs.  on  the  square  inch  at 
the  end  of  the  same  period. 

From  numerous  ex]>eriments  made  by  Mr.  Grant  in  England, 
cm  Portland  cement,  he  draws  the  following  conclusions  : — 

let  Portland  cement,  if  it  be  preserved  from  moisture, 
does  not,  like  Roman  cement,  lose  its  strength  by  being  kept 
in  casks  or  sacks,  but  rather  improves  by  age. 

2d.  The  longer  it  is  in  setting,  the  more  its  strength  in 
csreafles. 

3d.  Yery  strong  Portland  cement  is  heavy,  of  a  bHie-gray 
eolor,  and  sets  slowly.  Quick  setting  cement  has,  generally 
too  large  a  portion  of  clay  in  its  composition,  is  bro^vnish  in 
color,  and  turns  out  weak  if  not  useless. 

4tli,  The  less  the  amount  of  water  in  working  the  eemezU 
op  the  better. 
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5th,  It  ift  of  the  greatest  importance  that  the  stones  oi 
bricks,  with  which  P<>rtlaiid  cemimt  is  used,  should  be  thor 
(•uglily  e4>uked  with  water.  If  under  water,  in  a  qm'et^cent 
Htate,  the  cement  will  be  stronger  than  out  of  water. 

Cth,  Bl<*ek8  nf  brickwork,  or  of  concrete,  made  witli  Port- 
land cement,  if  kejjt  under  water  until  required  for  use, 
would  lie  iTiueh  stronger  than  if  kept  dry. 

7th,  Salt  water  is  as  good  for  mixing  with  Portland  cement 
aa  fresh  water. 

8th,  Kcjuian  cement  is  very  ill  adapted  for  being  mixed 
with  sand. 

9th.  The  resistance  of  a  block  of  pure  Portland  cement  tc 
extension  aft(»r  an  immersion  of  one  year  was  about  480  lbs, 
on  the  square  inch  ;  whilst  the  resistances  of  bk^eks  made  of 
Band  and  cement,  after  the  same  period  of  immersion,  decreased 
with  the  quantity  of  sand  added.  Blocks  of  one  volume  of 
cement  in  paste  to  one  of  sand  giving  three-fourths  tlie  i^e- 
tiistance  of  those  of  pure  cement ;  and  those  <»f  one  volume 
of  cement  to  five  of  sand  giving  only  ono-ftixth  of  the  resist- 
aih^e  of  blocks  of  pure  cement 

loth.  Roman  cement  is  only  one-tliird  the  strength  of 
Portland  cement. — Proce^ings  of  the  Institution  of  Civil 
Engineers,    Vol  XXV.,  p.  66. 

342.  Concrete  and  Beton.  From  experimentB  made  on 
concrete,  prepared  according  to  the  most  approved  process  in 
England,  l»y  (\ilonel  Pasley,  it  appeal's  that  this  material  is' 
very  inferif>r  in  strength  to  good  brick,  and  the  weaker  kinde 
of  natural  stones. 

From  experiments  made  by  Colonel  Totten  on  l^^ton,  the 
following  conclnsions  are  drawn  ; 

That  h6ton  made  of  a  mortar  composed  of  hydraulic 
pement,  conmuui  lime,  and  sand,  or  of  a  iriortar  of  hydraulic 
cement  and  sand,  without  lime,  was  the  stronger  as  tlie  quan- 
tity of  sand  was  the  smaller.  But  there  may  be  *>,50  of  ^and, 
and  (-I'^b  of  eonmion  lime,  wirhoni  sensible  deterioration  ; 
and  as  much  as  1.00  of  sand,  and  0.26  of  lime,  witliout  great 
loss  of  stix'ugth, 

B(Ston  made  with  just  suflicient  mortar  to  fill  the  void  spacea 
between  the  fragments  of  stone  wjis  found  to  be  less  strong 
than  tluit  made  with  double  this  bulk  of  mortar.  But  Colonel 
Totten  remarks,  that  this  re^ilt  is  perhaps  nttributuble  to  the 
difficulty  of  causitjg  so  small  a  quantity  of  mortar  to  penetrate 
the  v<iids,  and  unite  all  the  fragments  perfectly,  in  cx|M3ri- 
ments  made  on  a  small  scale. 

The  strongest  b^ton  was  obtained  by  iiaing  quite  small 
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fragmentB  of  brick,  and  the  weakest  from  small,  roimded, 
stone  graveL 

A  b^ton  formed  by  pouring  grout  ^mong  fragments  of 
stone,  or  brick,  was  inferior  in  strength  to  tlmt  made  in  the 
usual  way  with  mortar. 

Comparing  the  strength  of  the  biJtons  on  which  the  experi- 
ments were  made,  which  were  eight  months  old  when  tried, 
with  that  of  a  sample  of  sound  red  sandstone  of  good  qual- 
ity, it  appears  that  the  strongest  prisms  of  b^ton  were  only 
half  as  strong  as  the  sandstone. 

The  working  strain  on  masses  of  concrete,  brick,  and  rubble 
masoniy  seldom  exceeds  in  structures  that  of  one-sixth  of  the 
crushing  weight  of  blocks  of  these  materials. 


IV. 

STRENGTH  OF  TDCBSB. 

A  wide  range  of  experiments  has  been  made  on  the  resist 
ance  of  timber  to  compression,  extension,  and  a  transverse 
strain,  presenting  very  variable  results.  Among  the  most 
recent,  and  whicn  command  the  greatest  confidence  from  the 
ability  of  their  authors,  are  those  of  Professor  Barlow  and 
Mr.  Hodgkinson :  the  former  on  the  resistance  to  extension 
and  a  transverse  strain ;  the  latter  on  that  to  compressioiu 
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343.  Heslstance  to  Tensile  Strain.  The  following  table 
exliihiti^  tlie  s|KX'.iiic  graviry,  and  the  mean  resiBtance  per 
sc^^uai-e  nidi  t>f  various  kinds  of  timber,  from  the  experinienta 
vi  Prof.  Barlow. 

The  wtn"kiyg  strain  on  beam 8  subjected  to  extenBion  sboiild 
iii-^t  exceed  ^  of  the  roptn ring  strain  in  i>eniianeTit  stnietu]i38, 
but  for  temjx>rary  purposes,  like  scaffuldiug,  &c,,  it  may  bo 
placed  at  \m  the  rwptiiring  strain  with  Pafetj, 

But   few   direct   experiments  have   been  made  upon  tlie 
elongatirms  of  timlier  from  a  strain  in  tite  direction  of  thei 
tiiires.     From  some  made  in  France  by  MM,  Miiiard  and  i 
Deeormes,  it  wonld  appear  that  !}ar8  of  oak  having  a  sectional] 
area  of  one  scpiare  inch  will  be  elongated  J)0li76  of  tlieir 
length  by  a  Btrain  of  one  ton. 

344,  Resiatance  to  Compressive  Strains.  The  follow- 
ing Table  exhibits  the  results  obtained  by  Mr*  Ilodgkioeon 
from  experiments  on  etiort  cylinder's  of  tiTuber  with  flat  ends. 
The  diameter  of  eaeh  cylinder  was  one  inch,  and  its  height  two 
inches^  The  I'eanlts,  in  the  tii-st  cohimn,  are  a  mean  from 
about  three  experiments  on  timher  moderately  dry,  being 
such  as  is  used  for  making  models  for  castings ;  those  in  the 
second  column  were  obtained  in  a  like  manner,  from  similai 
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specimens^  whieh  were  tiiiTied  and  kept  drj^  in  a  warm  place 
two  monrbe  longer,  A  compari64m  oi  tiio  results  hi  the  two 
cohiniiis  shows  the  effect  of  drying  on  the  streiij^tii  of  tiui* 
ber;  wet  timber  not  ha^•ing  half  the  strength  of  the  same 
when  diy.  The  circumstances  of  rupture  were  tlie  same  aa 
already  stated  in  the  general  (jhscrvations  under  this  head ; 
the  height  of  the  wedge  which  would  slide  off  in  timber 
being  about  half  the  diameter  or  tliickuess  of  the  gpecimen 
cruslied. 

345.  Resistance  of  Square  Pillaxs.  Mr.  Hodgkiuson  has 
made  a  number  of  invaluable  exjicriments  on  the  strength  of 
pillars  of  timber,  and  of  columns  of  iron  and  steel,  and  from 
them  has  deduced  formula3  for  calculating;  the  pressure 
which  they  will  support  before  breaking.  The  experiments 
on  timber  were  made  on  pillars  with  flat  ends.  The  follow- 
ing are  the  formnlte  from  which  their  sti-ength  may  be  esti 
tnated. 

Calliiig  the  breaking  weight  in  Ibs^j  TF. 

**      the  side  of  the  squai-e  base  in  inches,  d, 
"      the  length  of  the  pillar  in  feet,  L 
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TbeD  for  long  oolumiifl  of  oftk,  in  which  the  side  of  the 
square  base  is  le»  than  ^th  the  height  of  the  column ; 


F=24542£ 


and  for  red  deal, 


/■• 


Tr=  17511    p- 

Tar  shorter  piBarSy  where  the  ratio  between  their  thiclmeiw 
and  hei^t  is  such  that  they  still  jield  by  bending,  the 
strength  is  estimated  by  the  following  formula : 

Calling  the  weight  calcnlated  from  either  of  the  preceding 
formnlse,  W. 

Calling  the  cmshing  weight,  as  estimated  from  the  pro 
ceeding  table,  W\ 

Calhn^  the  breakiiL^  weight  in  lbs.,  W'\ 

Then  tm  formula  TOr  the  strength  is 

WW  . 


TF"  = 


W+iW 
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In  each  of  the  pi^eceding  formulse  d  must  be  taken  in 
Inches,  aud  I  in  feet 

The  same  rule  is  followed  in  proportioning  the  nipturing 
to  the  working  strain  in  timber  subjected  to  compression  as  in 
timber  subjected  to  extension. 

346,  ResiBtanoe  to  Transverse  Strains.  As  timber, 
txom  the  purposes  to  which  it  is  applied,  is  for  the  most  part 
exposed  to  a  transverse  strain,  the  lar  greater  number  of  ex- 
periments have  been  made  to  ascertain  the  relations  between 
the  strain,  the  deflection  caused  by  it,  and  tlie  linear  dimen- 
sions of  the  piece  subjected  to  the  strain.  These  relations  have 
been  made  tlie  subject  of  mathematical  investigations,  foimd- 
ed  upon  data  derived  from  experiment,  which  will  be  given 
in  the  Afpekdix.  The  following  table  exhibits  the  resiuts  of 
experiments  made  upon  beams  having  a  rectangular  sectional 
area,  which  were  laid  horizoutaOy  upon  supports  at  their  ends, 
and  subjected  to  a  strain  applied  at  the  middle  point  between 
the  supports,  in  a  vertical  direction. 

For  a  more  convenient  application  of  the  formulcB  to  the 
results  iif  the  experiments,  the  notation  adopted  in  the  pre- 
ceding Art.  will  be  here  given. 

CaU  the  transverse  force  necessary  to  break  the  beam  in 
lbs.,  W, 

Call  the  distance  between  the  supports  in  inches,  h 
"    the   horizontal    breadth    oi    the    sectional    area    in 
tnchea^  h. 

Call  the  vertical  depth  of  the  sectional  area  in  inches,  d, 
**    the  deflection  arising  from  a  weight  w  in  inches,^ 

Tabu  of  Experimenia  with  the  foregoing  IfotatioT^ 
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marks  and  Experiments  on  variaus  Wocds^  gives  the  value 

Wl 
of  Sy  in  the  formtUa  S  =  —-r^or  transverse  strains j  in 

which  ly  the  length  of  the  pieces  svbjectsd  i^  exjTeriment^ 
was  from  fve  to  six  feet;  tJi^  dt.^Ui  nee  between  thepointfi 
of  support  four  feet ;  the  ends  of  the  pieces  not  canfifwd 
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deptL ;  and  ?,  the  distance  between  the  points  of  support  of 
tlie  beam;  and  w,  a  confitftiit  to  bo  derived  from  experiment 
From  this  fonimla,  if  accurate,  the  arooimt  of  deflection 
fihould  vary  directly  a3  t!ie  pressure  and  cube  of  the  lengthy 
and  inversely  as  the  breadth  and  cube  of  the  depth ;  but  from 
Prof.  Norton's  experiments  it  appears;— 

1.  That  tlie  deflection  varies  appixiximately  as  the  pressures, 
but  ratlier  increasing  according  to  a  less  rapid  law. 

2.  That,  although  the  deflections  are  not  uniformly  in- 
versely as  tlie  breadth,  still  the  variation  from  this  law  is  but 
alight. 

3.  That,  except  in  "  beams  whoso  length  bore  a  high  propor* 
tion  to  their  depth,"  the  law  indicated,  that  the  deflections  aro 
inversely  proportional  to  the  cubes,  19  far  from  being  accurate. 
In  other  ceases  it  "  decreases  according  to  a  less  rapid  law  than 
the  inverse  cube  of  the  depth." 

4.  The  experiments  also  show,  that  the  law,  that  the  deflec- 
tion is  directly  proportional  to  the  cube  of  the  length,  also 
fails. 

From  these  experiments  Prof.  Norton  says : — 
"We  may  conclude,  from  these  results,  that  the  deflection 
increases  according  to  a  less  rapid  law  than  tiie  cube  of  the 
length  of  the  stick.  We  have  already  seen  that  it  decreases 
in  a  less  rapid  proportion  than  the  inverse  cube  of  the  depth. 
Itfolluws,  therefore,  that  the  true  formula  for  the  deflection 
probably  contains  at  least  one  additional  term,  which  varies 
less  rapicMy  than  as  the  cube  of  the  length  directly  and  the 
cube  of  the  depth  inversely  ;  or  in  other  words,  contains  I  in 
die  numerator,  and  d  m  tlie  denominator,  each  raised  to  a 
lower  power  than  the  cube." 

**  Further,  it  would  seem,  then,  tliat  the  true  theory  of  de- 
flection conducts  to  the  following  formula,  in  the  special  case 
of  a  beam  re&ting  on  two  8upi>orts  and  loaded  in  the  middle. 

The  following  table  gives  the  values  of  E  for  white  pine, 
and  the  calculated  values  of  the  constant  6' 

**The  general  formula  applicable  to  white  pine  sticks  of  the 
general  quality  used  in  thase  experiments  wilt  be  obtained  by 
taking  the  mean  of  the  several  values  of  ^and  C  given  in  the 
above  table.  To  test  the  theoretical  fnrnuila  we  have  obtained 
we  will  take  the  mean  values  of  E  and  i\  for  the  second  set 
of  sticks,  given  at  the  bottom  of  the  fourth  and  fifth  columns, 
v\t,\  ^=1,427,965  pounds,  and  <7=a0000094.  We  thu« 
have 
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^^^H             347.  Resistance  to  Betniflion.    From  the  experiments  of 

^^^^H          Prof.  Barlow,  it  appears  that  the  resistance  offered  bj  the 
^^^H          hiteml  adhesion  of  the  fibrcB  of  firj  to  a  force  aetinj;  in   a 
^^^H         direction  pamllel  to  the  fibres,  may  be  estimated  at  592  lb&. 

^^^^B          per  BQiiare  inch. 

^^^H              Mr.  Tred(?old  ffives  the  following  afl  the  results  of  estperi- 

^^^H         monts  on  t!ie  resiBtaueo  offered  bv  adhesion  to  a  force  aDPled 

^^^H         perpendicularlj  to  the  fibres  to  tear  them  asunder. 

^^^H                     Otk 23101bfl.  DeTBii3n&r<3  mok 
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STRENGTH  OF  OAST-IEOH. 


The  moBt  recent  experirnentB  on  the  stretgth  of  this  ma- 
terial are  those  of  Mr.  Hodgkinsoa.  Those,  particiilarly, 
nude  by  him  on  the  suhject  of  the  Btreiigth  of  eoliiiniis, 
and  the  raoet  suitable  form  of  cast-iron  beams  to  sustain  a 
transversal  strain,  have  supplied  the  engineer  and  architect 
with  the  must  valuable  guide  in  adapting  this  material  to 
the  various  purposes  of  structures, 

348.  Reslstanoe  to  Extension. — Frcmi  a  few  experinieuta 
made  bv  Mr,  Reunie  and  Captain  Bro\TO,  the  tensile  strength 
of  cast  iron  varies  from  7  to  9  tons  per  square  inch. 

The  experiments  of  Mr.  Hodgkiuson  upon  both  hot  and 
cold  blast  iron  give  the  tensile  strength  from  6  to  9 f  tons  per 
square  inch* 

From  some  experiments  made  on  American  cast  iron,  under 
the  direction  or  the  Fmnklin  Institnto,  the  mean  tensile 
Strength  is  20834  lbs.,  or  9J  tons  per  square  inch. 

348.  Resistance  to  Oonxpressive  Strain. — Tlie  general 
circumstances  attending  the  rupture  of  this  material  by  com- 
pression, drawn  from  the  experitnente  of  Mr.  H^^idgldnsony 
nave  already  been  given.  The  angle  of  the  wedge  resulting 
from  the  rupture  is  about  5.5*^. 

The  mean  crushing  weiglit  derived  from  experiments  upon 
short  cylinders  of  hot  Idast  iron  was  121,685  lbs.,  or  54  tons 
6^  cwt.  per  square  inch. 

That  on  short  prisma  of  the  same,  with  square  bases, 
100,733  lbs.,  or  44  tons  19|  c^vt.  per  square  inch. 

That  on  short  cylinders  of  cola  blast  ii'on  was  125,403  lbs., 
or  55  tons  19^^  cwt  per  square  inch. 

That  on  short  prisms  of  the  same,  having  other  regular 
figures  for  their  bases,  was  100,631  lbs,,  or  44  tons  18^  cwt 
per  square  inch. 

Mr.  Hodgkinson  remarks  with  respect  to  the  fonns  of  base 

^differing  from  the  circle:  *'In  the  other  foi-ms  the  difference 

^f  strength  is  but  little ;  and  therefore  we  nmy  perhaps  admit 

that  difference  of  form  of  section  has  no  iutliicnce  upon  the 

power  of  a  short  prism  to  bear  a  crushing  force." 

In  remarking  on  the  circumstances  attending  the  rupture, 
Mr.  Hodgkinson  further  observes  :  "We  may  assame,  thei-e- 
fore,  without  aBsignable  error,  that  in  tiie  crusliiiig  of  short 
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iron  [triBms  of  various  fontifl,  I^^gor  than  the  wedge,  the  angle 
of  friictiiro  will  b6  tfie  same.  Tliis  simple  assamption,  if  ad- 
mitted, would  prove  at  once,  nut  only  in  this  material,  but  in 
othere  which  break  in  the  same  manner,  the  proportionality  of 
the  criwhing  force  in  different  fonas  to  the  area;  since  the 
area  of  fracture  woyld  always  be  equal  to  the  direct  trana^ 
vei-se  area  multiplied  by  a  constant  quantity  dependent  upon 
the  matenah" 

TabU  exhibiting  the  Jiatio  of  the  Tensile  to  the  Compree* 
eive  Ibrcee  in  Cast  Iron^from  Mr,  Hodgkiiison^s  Es^peri 
mente. 
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350.  Resistance  of  CyllDdrioal  Columns.  The  experi- 
ments under  tbift  head  were  made  upon  &t*lid  and  hollow  col- 
umns, Ujth  ends  of  which  were  either  flat  or  iTUinded,  fixed  or 
loose,  or  one  end  flat  and  the  other  ronnded.  In  the  case  of 
e^^lurimft  with  rounded  ends,  the  pi^ssiire  was  applied  in  the 
direction  of  the  axia  of  tlie  column. 

The  fullnwing  extracts  are  made  from  Dr.  Iludgkinson'a 
paper  on  this  Btuiject,  published  in  the  lieport  of  the  British 
Association  of  1840* 

**  lat  In  all  long  pillars  of  the  same  dimensionaj  the  resist' 
ance  to  cruBiiing  by  flexure  ia  about  three  times  greater  when 
the  ends  of  the  pillars  are  flat  than  when  tJiey  are  rounded. 

"2d.  The  strength  of  a  pillar,  with  one  end  rounded  and 
the  either  fliit,  ia  the  aritliuietical  mean  between  that  of  a 
jnjiiir  uf  the  same  dinieusionii  with  Imth  ends  round,  and  one 
witli  both  ends  flat  Thus,  t>f  three  evlindrical  pillars,  all  of 
the  same  length  a*id  diameter,  the  first  having  both  its  ends 
rounded,  the  second  with  one  end  rounded  and  one  flat,  and 
the  third  witii  both  ends  flat^  the  strengths  are  as  !«  2,  8« 
nearly. 
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**  8d,  A  long,  uniform,  caflt-iron  pillar,  with  its  ends  fiinily 
fixed,  whetJjer  bj  means  of  disks  or  otherwi&e,  has  the  same 
power  to  resist  breakinir  as  a  pillar  of  the  same  diameter,  and 
half  the  length,  witli  the  ends  ronnded  or  tttrned  so  that  the 
force  would  pass  through  the  axis. 

**4th.  The  experiments  show  that  some  additional  strength 
k  given  to  a  pillar  by  enlarging  its  diameter  in  the  middle 
part ;  this  increase  does  not,  however,  appear  to  be  more  than 
one  seventh  or  one  eighth  of  the  breaking  weight. 

"  5th.  The  index  or  the  power  of  the  diameter  to  which  the 
strength  of  long  pillars  with  rounded  ends  is  proportional,  is 
3-76  nearly,  and  3.55  in  those  with  flat  ends,  as  appeared  from 
the  results  of  a  great  number  of  experiments ;  or  the  strength 
of  both  may  be  taken  as  the  3.6  power  of  the  diameter 
nearly. 

"  6th.  In  pillars  of  the  same  tJiickness,  the  strength  is  in- 
versely  proportional  to  the  1.7  power  of  the  length  nearly. 

"  Thus  the  strength  of  a  solid  pillar  with  rounded  ends,  the 

diameter  of  whitJi  is  d^  and  the  length  /,  is  as  " 

L 
"  The  absolute  strength  of  solid  pillars,  as  appeared  from 
the  experiments,  are  nearly  as  below. 
*'  In  pillars  with  ronnded  ends. 

Strength  in  tons  =  14.9  — • 
"  In  pillarB  with  flat  ends, 

Strength  in  tons  =  44.16  —  • 

*^  In  hollow  pillars  nearly  the  same  laws  were  found  to  ob 
tain;  thus,  if  1)  and  d  be  the  external  and  internal  diameters 
of  a  pillar  whose  length  is  l^  the  strength  of  a  hollow  cylinder 
of  which  the  ends  were  movable  (as  in  the  connecting-rod  of 
a  steam-engine)  would  be  expressed  by  the  formula  below. 

Strength  in  tonB=  13 p''^^- 

**  In  liollow  pillars,  whose  ends  are  flat,  we  had  fit>m  experi 
ment  as  befoi^, 

Strength  in  tons  =44.3 7^? . 

'*The  fonnulje  above  apply  to  all  pillars  whose  length  is  not 
le^e  thaL  about  thirty  times  the  external  diameter ;  for  pillars 
shorter  than  this,  it  is  necessary  to  have  recourse  to  the  'for- 
mula,^ given  under  the  lieai  of  Strenoih  op  Timbkb,  for 
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short  pillare  of  timber,  stibstituting  for  TTaiitl  TF  in  that  tot 
rauia,  the  proper  values  applicable  t^*  cast-iron," 

35L  Similar  Pillars.  "  lu  eiiuibr  pillai*^,  or  tliose  whose 
length  18  tu  the  diaiaeter  in  a  constant  proportion,  the  strength 
is  nearly  aa  the  square  of  the  diameter,  or  of  any  uther  linear 
dimension ;  or,  in  other  words,  the  Btroiigth  is  nearly  as  the 
area  of  tJie  transvei^o  sectiuiL" 

**  In  hollow  pillars,  of  greater  diameter  at  one  end  than  the 
other,  or  in  the  middle  than  at  the  ends,  it  was  not  found 
that  any  additi<jnal  strength  was  obtained  over  that  of  eylin 
drical  pillars." 

*^TIie  strength  of  a  pillar,  in  the  form  of  the  connecting 
rod  of  a  steam-engine  (that  is,  the  transverse  section  pre- 
senting the  ilgm-e  of  a  cross  -f)  "was  fomid  to  be  very 
small,  perhaps  not  half  the  strength  that  the  same  metal 
would  nave  given  if  cast  in  the  lorm  of  a  uniform  hollow 
cylinder." 

**  A  pillar  irregularly  tixed,  so  that  the  pressure  would  be  ill  J 
the  direction  of  Uie  diagonal,  m  redneed  to  one  tlilrd  of  its] 
strength.  Pillars  fixed  at  one  end  and  movable  at  the  othor^l 
as  ill  those  flat  at  one  end  and  rtmnded  at  the  other,  break  at^ 
one  third  the  k^ngth  from  the  movable  end;  therefore,  to 
economize  the  metal,  they  should  be  rendered  8ti*ongor  there 
than  in  other  parts.*' 

352*  Xiong-oontinued  Pressure  on  Pillars.  "  To  deter 
mine  the  eitect  of  a  load  lying  constantly  on  a  pillar,  Mr, 
Fair  bairn  had,  at  the  writer's  suggestion,  fVitir  pillars  cast, 
all  of  the  rnime  length  and  diameter*  The  firet  was  loaded 
with  4  cwt.,  the  second  with  7  cwt,  the  third  with  10  cwt, 
and  the  fourth  with  13  cwt* ;  this  last  load  was  -j*^  of  what 
had  previously  broken  a  pillar  of  the  same  dimensions,  when 
the  weight  was  carefully  laid  on  without  loss  of  time.  The 
pillar  loaded  with  13  cwt.  bore  the  weight  between  five  and 
six  months,  and  then  broke." 

353.  General  Properties  of  Pillars.  "  In  pillars  of 
wrought-iron,  steel,  and  timber,  the  same  laws,  with  respect 
to  pounded  and  flat  ends,  were  found  to  obtain,  as  had  been 
shown  to  exist  in  cast-iron," 

**  Of  rectangular  pillars  of  timber,  it  was  proved  experimen* 
tally  that  the  pillar  of  greatest  strength  of  the  same  material, 
is  a  square.'' 

354.  Comparative  Strength  of  Cast-iron,  Wrought- 
Iron,  Steel,  and  Timber.  *^  It  resulted  fn*m  the  experi- 
ments upon  pillars  of  the  same  dimensions  but  of  different 
materials,  that  if  we  call  tlie  strength  ^if  cast-iron  1000,  wo 
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iball  have  fur  wrought  1745,  caat  steel  2518,  Dantzic  oak 
108.8,  red  deal  78.5/^ 

355.  Resistance  to  Transverse  Strain,  The  following 
tablc28  and  dodnctions  are  drawn  from  tlie  experiments  oi 
Keesrs.  Ho(%kinson  and  FairbairL,  on  hot  and  cold  blast 
iron,  as  published  in  their  IteporU  to  the  British  Association 
in  1837. 

Tc^  eschibitinff  the  remtUs  of  es^periments  by  Mr,  nodg- 
kinson  on  hars  of  hot  blast  iron  6  feet  long,  with  a  rect- 
an/ftilar  sectionM  area;  the  bars  re^tiufj  horizontally  on 
praps  4  feet  6  inches  apart ;  the  weight  being  appli^  at 
the  middle  of  the  bar. 
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356.  The  following  remarks  are  extracted  from  the  Bame 
Re[X)rt:  "I  had  remarked,  in  some  of  the  experiments,  tliat 
tlie  elasticity  of  the  bars  was  injnred  much  earlier  than  ig 
(jenerally  conceived  J  and  that  instead  of  its  remaining  per- 
fect till  one  third,  or  upwards,  of  tlie  break hig  weight  wm 
laid  on,  as  s  generally  admitted  by  writers,  it  was  evident 
that  |th,  or  less,  produced  in  some  cases  a  considerable  set  oi 
defect  of  elasticity  j  and  judging  from  its  slow  increase  after 
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wardd,  I  waB  persuaded  that  it  had  not  oume  on  hj  a  sudden 
change,  but  had  ejuisted»  though  in  a  lees  degree,  from  a  very 
early  |ieriod.** 

**  From  what  haa  been  stated  above,  deduced  from  experi- 
ments made  with  great  care,  it  U  evident  that  tlie  maxim  of 
loading  bodice  within  the  elaatie  limit  haa  no  foundation  iaJ 
nature;    but  it  will  be  oonsidered  as  a  omupeu^ting  fad^^ 
that  maleriaia  will   bear  for  an  indefinite  period  a  much 
greater  load  than  haa  hitherto  been  conceived. 

857.  **We  maj  admit,"  from  the  mean  resnlta, "  tliat  the 
strength  of  retiaiignlar  liars  is  as  the  squam  of  the  depth.** 

358.  Eflfbcts  of  Time  upon  the  Defleetiona  caused  by  a 
Permanent  Load  on  the  Middle  of  Horizontal  Bara  The 
following  table  exhibits  tlie  results  of  Mr.  Fairbairn's  experi- 
ments  on    this    points     The   experimenta    wero  made   oa 
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Cms  5  feet  kin^,  L05  mch  deep ;  the  one  of  oold  blast  iraa^ 
1.03  inch  broad;  the  other  of  hot  blast,  1.01  broad  ;  distance 
between  the  ]xtiats  of  support  4  feet  6  inches.  The  oonstar' 
weight  suspended  at  the  centre  of  the  bars  was  280  lbs.  Thit 
weight  remaiQed  on  from  March  1 1th,  1837,  to  Jane  23d, 


1S3S 


jar- 

CMtefobMrvvtian* 

T^m^ 

HotblutlRn. 

B«tio«flaGrM«f 

.teo 

March  11th,  1837, 
Jime  fm,  1838. 

TS*    i 

1.004 
1.107 

— 

.(» 

IiionAae, 

- 

.0131 

1000 :  laoa 

359*  Mr.  Fairbaim  in  his  Report  remarks  on  the  aboTe 
and  like  results:  ^The  hot  blast  bar  in  these  experiments 
being  more  deflected  than  the  cold  blast,  indicates  that  the 
particles  are  more  extended  and  compressed  in  the  former 
irou^  with  the  same  weight,  than  in  the  latter.  This  excess 
of  deflection  may  in  some  degree  account  for  the  rapidity  of 
increase,  which  it  will  be  observed  is  considerably  greater  in 
the  hot  tlian  in  the  oold  blast  bar." 

*'  It  appears  from  the  present  state  of  the  bars  (which  indi- 
cate a  slow  bat  pro^;ressive  increase  in  the  deflections)  that 
we  most  at  same  penod  arrive  at  a  point  beyond  their  bearing 
powers ;  or  otherwise  to  that  position  which  indicates  a  cor- 
rect adjustment  of  the  particles  in  equilibrium  with  the  load. 
Wliich  of  the  two  points  we  have  in  this  instance  attained  is 
diflicnlt  to  determine ;  sufficient  data,  however,  are  adduced  to 
show  that  the  weights  are  considerably  beyond  the  elastic 
limit,  and  that  cast  iron  will  support  loads  to  an  extent  be- 
yond wliat  has  usually  been  considered  safe,  or  beyond  that 
point  where  a  permanent  set  takes  place." 

360.  Effbots  of  Temperature.  Mr.  Fairbaim  remarks : 
**  The  infusion  of  heat  into  a  metallic  substance  may  render  it 
more  ductile,  and  prttbably  less  rigid  in  its  nature ;  and  I  ap- 
prehend it  will  be  found  weaker,  and  less  secure  under  the 
effects  of  heavy  strain.  This  is  observable  to  a  considerable 
extent  in  the  experiments  "  on  transverse  strength  "  ranging 
from  26°  up  to  190°  Fahr." 

«The  cold  bla&t  at  36°  and  190**,  is  in  strength  as  874  :  743 
blast  at  26"*  and  190%  is  in  strength  as  811  :  731 
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Being  a  dumnntion  in  strength  as  100  :  85  for  the  cold  blaat^ 
and  100  to  90  for  the  hot  blast,  or  15  per  cent  loea  of  etrenglb 
in  the  cold  blast,  and  ten  per  cent  in  the  hot  blast'* 
**  A  numljer  of  the  e\  ta  made  on  Jfo.  3  iron  ha^e 

S'ven  extraordinary  and  reqnentlj  nnezpected  reenlta. 

enerally  speaking,  it  is  an  iron  of  an  irregular  character|j 
and  presents  less  uniformity  in  its  textnre  than  either  the  firsP 
or  second  qualities ;  in  other  respects  it  is  more  retentive,  and 
is  often  used  for  giving  strength  and  tenacity  to  the  finer 
metak." 

"  At  212**  we  have  in  the  Na  3  a  iniich  greater  weight  en 
tained  than  what  is  indicated  by  the  No.  2  at  lOO'' ;  and 
600*^  there  appears  in  both  hot  and  cold  blast  the  anomaly  of 
increased  strength  as  the  temperatiire  is  advanced  from  boil- 
ing water  to  melted  lead,  arismg  from  the  greater  strength  of 
the  No.  3  iron.'* 

36L  From  experiments  made  by  Maior  Wade  on  American 
cast  iron,  and  by  Mr.  Fairbaimon  English  cast  iron,  it  appears . 
that  the  tenacity  of  the  metal  is  increased  both  by  remeitingij 
and  by  prolonged  fusion  when  kept  in  their  certain  limits.] 
It  also  appeara  from  otlier  experiments  tliat  repeated  fusions  i 
Occasion  a  heavj'  waste  of  material,  and  that  if  either  renielt- 
ing  or  prolonged  fneion  be  carried  too  far  the  result  will  bt 
an  iron  of  a  hard  and  brittle  quality. 

362.  Influence  of  Form  upon  the  Transverse  Strength 
of  Cast  Iron  Beams*  Upon  no  point,  respecting  the  strength 
of  cast  iron,  have  the  exi>eriments  of  Mr.  Hodgkinson  lea  toJ 
more  valuable  results  to  tue  engineer  and  architect,  than  upon 
the  one  under  this  head.  Tlie  following  tables  ^ve  the  results 
of  experiments  on  bars  of  a  uniform  cross-section  (thus  X) 
cast  xrom  hot  and  cold  blast  iron.  The  bars  were  7  feet 
^ong,  and  placed,  fcr  breaking,  on  enpports  6  feet  6  inches 
ftsimder. 
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TMe  eoshtbiHng  the  BesuUs  of  E^xyperimenU  on  bars  of  Hid 
Blast  Iran  of  the  farm  of  cross  section  as  above. 
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Note,  The  annexed  diagram  shovv^  the  ^ 
forai  of  the  iiiiifonii  cross-sec tioB  of  the 
Lobars.     The  linear  dimenBionB  of  the  cross- 
ction  in  the  two  experiments  were  as  f ol- 
'lows: — 


IfOngth  of  pamllelo^nuD  AB  5  iiicbea 

Depth  '*  AB  0.30   ** 

Total  depth  of  bar CD  1.55    ** 

Braadth  of  nb DE  0,86    «« 
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Table  exhihiting  RemUa  of  JSaoperimenta  on  bars  of  CoW 
Blast  Iron  5  feet  long^  of  the  same  form  of  croes  eecUon 
as  in  preceding  table. 
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nitinwte  deflection  1.08. 

Frmctare  bjr  a  wedge  bfreaUng  oat  M  la 
Experiment  fi,  Hoc  Blast. 

Note,  The  linear  dimensions  of  the  cross-section  of  the  bars 
in  the  above  table  were  nearly  the  same  as  those  in  the  pre- 
ceding tabic,  with  the  exception  of  the  total  depth  CD,  which 
in  these  last  two  experiments  was  2.27  inches,  or  a  little 
more. 

383.  The  object  had  in  view  by  Mr.  Ilodgkinson,  in  the 
experiments  recorded  in  the  two  preceding  tables,  was  two- 
fold ;  the  one  to  ascertain  the  circumstances  under  which  a 
permanent  set,  or  injury  to  elasticity  takes  place  ;  the  other 
to  ascertain  the  effect  of  the  form  of  cn)S8  section  on  the 
transverse  strength  of  cast  iron.  The  following  extracts  from 
the  Eeport,  give  the  principal  deductions  of  ]^.  Hodgkiuson 
on  these  points. 

"  In  experiments  4  and  5  *'  (on  hot  blast  iron), "  which  were 
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on  longer  bars  than  tLe  others,  cast  for  this  pnrpoee,  and  for 
another  mentioned  further  on,  the  elasticity  (iu  Expt  4)  wnB 
eenslbly  injured  with  7  Ibe,,  and  in  the  latter  (Expt.  5)  with 
14  lbs,",  tlie  breaking  weights  being  364  lbs,,  and  1120  lbs. 
In  the  former  of  these  cases  a  set  was  visible  with  ^,  and  in 
the  other  with  ^-  of  the  breaking  weighty  showing  that  there 
is  no  weight,  however  small,  that  will  not  injure  the  elasti- 
city." 

**  When  a  body  is  subjected  to  a  transverse  strain,  some  of 
its  particles  are  extended  and  others  compressed ;  I  was  de- 
BmriB  to  asL-ertain  whether  the  aljove  defect  in  elasticity  aroee 
from  tension  or  compression,  or  both.  Experiments  4  and  5 
show  this ;  in  these  a  section  of  the  casting,  which  wag  uni- 

e 

form  throughout,  had  the  form  X*    During  the  experimenta 

a    6 

the  broad  part  ah  was  laid  horizontally  upon  supports  j  the 
vertical  rib  o  in  the  latter  experiment  being  upward,  in  the 
fomier  downward.  When  it  was  downward  the  rib  was  ex- 
tended, when  upward  the  rib  was  compressed*  In  both  cases 
the  part  riA  was  the  fulcrum ;  it  was  thin,  and  therefore  easily 
flexible;  but  its  breadth  was  such  that  it  was  nearly  inex« 
tensible  and  incompressible,  comparatively,  with  the  vertical 
rib.  We  may  therefore  assume,  that  near\v  the  whole  flexure 
which  takes  place  in  a  bar  of  this  form,  arises  from  the  ex- 
tension or  compression  of  the  rib,  according  as  it  is  downward 
or  upward.  In  Expt.  4  mb  have  extension  nearly  without 
compression,  and  in  Expt,  5  compression  almr»st  without  ex- 
tension.    These  ex]>erimentfi   were   made   with   great   care. 

iCy  show  that  there  is  but  little  difference  in  the  quantity 
of  sot,  whether  it  arises  from  tension  or  compression. 

"The  set  from  compression,  however,  is  usually  less  than 

t  from  extension,  as  is  seen  in  the  coranieiicement  of 
le  two  experiments,  and  near  the  time  of  fracture  in  that 
submitted  to  tension.  The  deflections  from  equal  weight* 
are  nearly  the  same  whether  the  rib  be  extended  or  compress- 
ed, but  the  ultimate  strenglhs,  as  appears  from  above,  are 
widely  different." 

364.  Form  of  Cast  Iran  Beam  best  adapted  to  Resist  a 
Transverse  Strain,  The  experiments  of  Mr.  Hodgkinson 
on  this  subject,  pub  ished  in  theMemoira  of  (lie  Literary  and 
PhiIo8oj>fncal  Society  of  Manehtster^  Second  Serits9^  v<»l.  5, 
aj^  of  equal  interest  with  those  just  detailefl,  1h  A  in  their 
general  results  and  practical  bearing.  From  the^e  experi- 
ments^ the  concluBion  drawn  is  that  me  form  of  beam  in  the 
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annexed  diagrams  is  the  raoet  favorable  for  rebLstaiice  U> 
tmnsTerBe  etraine. 


Pl^.  Ik 


Tig.b. 


^ 


3 


Fi^.  a  reproseDts  the  plan,  Fig,  6 

the  elevation,  and  Fitr.  c  the  ci'OM 
section  (enlari^ed)  at  the  middle  of 
the  beam.  I  rem  the  Figs,  it  will 
be  Been  that  tlic  beam  consiBte  of 
three  parte  ;  a  bottom  flanch  of  uni- 
form dejith,  but  variable  breadth, 
tapering  from  the  centre  towai*dB 
the  extremities,  where  the  jxnntB 
of  support  would  be  placed  &o  as  to 
form  a  pr^rtion  of  the  coTiimon  parabola  on  eadi  side  of  the 
axis  of  the  beam,  the  vertex  of  each  parabola  heing  at  the 
centre  of  the  beam.  The  object  of  this  form  of  thmcb  wag  to 
make  it,  according  to  theory^  the  9tr<:*ngeBt,  with  the  eame 
amonnt  of  material,  to  hear  a  weight  uniformly  diMribiited 
over  it.  The  top  flanch  i»  of  a  like  fonn,  but  of  much  Brnall- 
er  breadth  and  depth  than  the  bottom  one.  The  two  are 
united  by  a  vertical  rib  of  uniform  depth  and  breadth. 

The  following  are  the  relative  dimensions  of  this  fonn  of 
beam,  which,  m>m  experiment,  gave  the  most  favorable 
result. 

Distance  of  impporta 4  ft.  6    Inobei. 

Total  depth  of  b«^am  _..... 0  **   5^       •* 

Breadth  of  top  tlanch  at  centre  of  beam 2,83  ** 

**  bottom  tlanoh  **  6.60  " 

ITnif orm  depth  of  top  flaneh, . , 0.81  •• 

''  bottom  flanch 0.60" 

Thicknewof  vertical  rib 0.206^* 

Totid  area  of  GToes  section .,         6.4  aqnarQ  Inolu 

Weight  of  beam , 71  Ibi. 

"Tliis  beam  broke  in  the  middle  by  compression  with 
26084  lbs.,  or  11  tons  13  cwt,  a  wedge  separating  from  it^ 
upper  side." 
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**Tlie  weights  were  laid  gradually  and  slowly  on,  and  the 
beam  hai  borne  within  a  little  of  its  breaking  weight  a  con* 
sidemble  time,  perhaps  half  an  hour." 

"The  form  or  the  iracture  and  wedge  is  represented  in  the 
Fig.  hy  where  enfis  the  wedge,  ^=5,1  inches,  ^/i=3.9  inches, 
angle  enf-S2''J^ 

**  It  is  extremely  probable,  from  this  fracture,  that  the  nen- 
rral  [xnnt  waa  at  /i,  the  vertex  of  the  wedge,  and  therefore  at 
Jths  the  depth  of  the  beaTn,  since  3.9=}  x5f  nearly," 

The  relative  dimensions  above  given  were  arrived  at  by 
" constantly  making  small  additions"  to  the  bottom  flanch, 
until  a  point  was  reat^hed  where  resistance  to  compression 
c<^>uld  no  longer  be  sustained.  The  beams  of  this  fomv,  in  all 
previous  experiments,  having  yielded  by  the  bottom  flanch 
tearing  asunder, 

**  The  great  strength  of  this  form  of  cross  section  is  an  in- 
disputable refutation  of  that  theory  which  would  make  the 
top  and  bottom  ribs  of  a  cast  iron  beam  equal.*' 

'*  The  form  of  cross  section  "  (as  abo\'e)  "  is  the  best  which 
we  have  arrived  at  for  the  beam  to  bear  an  ultimate  strain. 
li  we  adopt  tlie  form  of  beam  (aa  above)  I  think  we  may 
confidently  expect  to  obtain  the  same  strength  with  a  saving 
of  upwards  of  ith  of  the  metal" 

365.  Rule^f&r  determinitig  the  DltimaU  Strength  of  Cast 
Iron  Beams  of  th^  above  Fortns,  From  the  results  of  Jiis  ex- 
periments, Mr.  Ilodgkinson  has  deduced  the  following  very 
simple  fomnite,  for  determining  the  breaking  weight,  in  tons, 
when  applied  at  the  middle  of  a  beam. 

Call  the  breaking  weight  in  tons,  TF, 

Call  tlie  area  of  tlie  cross  section  of  the  bottom  flanch,  taken 
at  the  middle  of  the  beam,  a. 

Call  the  depth  of  the  beam  at  the  middle  point,  d. 

Call  the  distance  between  the  supports,  L 

Then 


Tr=26^ 


ad 


when  the  beam  has  been  cast  with  the  bottom  flanch  upward 
and 

yod 


TF=24 


r* 


when  the  beam  has  been  cast  on  its  side. 

The  working  otrain  on  cast  iron  beams  subjected  to  direct 
compression  is  placed  by  most  authorities  at  from  ith  to  |th 
of  the  crushing  weight,  when  the  beam,  a  column  for  exam- 
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pie,  is  not  subjected  to  violent  ribrations  or  shoclca.  In  the 
contrary  case,  particularly  in  beums  eubjeeted  to  a  tra!isverse 
Btrain,  it  is  ifcomtnended  to  reduce  the  working  strain  to  T^lh 
the  crushing  strain. 

866.  Kfiect  of  Horizontal  Impact  upon  Cast  Iron  Bars, 
The  following  tables  of  experiments  on  this  6nl>jeetj  and  the 
results  drawn  fixini  them,  ai*e  taken  from  a  paper  by  Mr, 
Hodgkinson,  published  in  the  HjiA  Report  of  the  JirUuh 
Association, 

The  bars  muler  experiment  were  impinged  upon  by  a 
weight  suspended  freely  in  such  a  position  that,  baiiging  ver- 
ticaTly,  it  was  in  contact  with  the  side  of  tlie  bar.  The  blow 
was  given  by  allowing  the  weight  to  swing  through  different 
arcs.  The  bars  were  so  contined  against  lateral  eupports,  that 
they  could  take  no  vertical  motion. 

TahU  of  experiments  on  a  cast  iron  har^  ^ft.Q  in.  long^  1  in, 
broody  i  t/t.  thicky  weighing  7i  lbs,,  placed  with  the  broad- 
sids  aoainst  lateral  supports  4  ft.  asunder^  and  impinged 
npon  by  cast  iron  avd  lead  bails  weighiny  8i  Ibs.^  swinging  ^ 
througri  arcs  of  the  radius  12  feet. 


ImpmA  wfth  Imdm  tmU, 


m 


i%M 


"  Before  the  experiments  on  impact  were  made  upon  this 
bar,  it  was  laid  on  tAVO  horizontal  supporti^  4  feet  asnndcr,  and 
weighta  gently  laid  on  the  mid  die  bent  it  (in  tlie  same  direc 
tJon  that  it  was  afterwards  bent  by  imiiac*t)  as  below; 


28  lbs.  bezLt  it  .S7  JnGk. 

50  1bfl.     *'        ,77inolL     Elastioitj  a  Mitle  injnrecL^ 
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TuM^  of  experim'€7iU  on  a  ccut  iron  Jar  7  ft*  hng^  1.08  in, 
bro€M  ana  1.05  in.  thwk^  'weighing  23^  ws,^  placed^  as  in 
preceding  experimenU,  against  svjjfports  ^  ft.  Q  in, 
asunder i  ana  bent  hy  inipacts  in  the  laiddls.  Impinging 
ball  of  cdst  iron  weighing  20J  Iba,  liadiua  of  wrcs  16 
fiet. 


^npBCt  upon  thA 

OhmmBL   iMtoo- 

Cbord     or     fffc 

Obnemd    dcfleo- 

te2i6&  ttuOQldL 

^oointaoboa. 

falUrn  thiougli. 

tion  fn  kusbei» 

2 

.46 

2 

,81 

a 

m 

3* 

.43 

4 

31 

4 

M 

5 

1.08      ' 

5 

M 

Q 

1.24 

6 

1.04 

7 

1.44 

7 

1.28 

8 

1.80 

8 

1.41 

- 

9 

1.03 

Tbe  results  in  die  3d  and  4th  columns  of  the  above  table 
were  derived  frooi  allowing  the  ball  to  impinge  against  a 
wei^t  of  56  lbs.,  hung  so  as  to  be  in  contact  with  the  bar. 

"JJefor©  the  experiment's  on  impact,  the  beam  was  laid  on 
two  supix)rts  (>  ft.  6  in.  asimder,  and  was  bent  .78  in.  by  123 
lbs.  (mcludmg  the  pressure  from  its  own  weight),  applied 
gently  in  the  middle." 

Tables  of  eaiy>erimen^  on  two  cant  iron  iars,  4  ft  6  in,  lang^ 
full  tneh  square^  weighing  14  Iba.  10  oz,  n^arly^  placed 
against  supports  4  feet  apart^  and  i?npinged  upon  by  a  coat 
iron  ball  weighing  44  lbs,     liadi^us  l%fL 


Impwt  fo  tha  ni)ddl«. 

Impact  at  ooe-foortb  thie  loiigth  Cram  the  middla 
of  tbe  bum. 

Ob<ird«  of    KTOB  iQ 

M«sn     d«fleclioDi 
of  tbe  two  iNUfl 

Cbotdi  of  Moa  In 

Uesui     deflection* 
oE  tbe  two  bam 
to  Inotaea. 

Mr«ii  mtlo  of  th* 
dcAoctioiia       Id 
thetwooaaai. 

2 
8 
4 

6 

5.5 

6 

.85 
.55 

.77 

M 

1,05 

Broke   in    the 

middle 

3 
8 
4 

5 
5.5 

e 

.24 
.42 
.52 
.04 
.70 
Br  1^  e  at  th 
point  of  impa  % 

0i4 

10 
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The  refeuUi^  in  the  Ut  of  the  above  tables  are  from  barij 
struck  ill  the  nuddlc,  those  in  tlie  2d  t^ble  ai*e  fix>in  bant 
struck  at  the  Diiddle  point  between  the  centre  and  extremity 

of  the  bar. 

FfDin  the  above  and  other  experiments  the  condasion  10 
drawn,  "  tliat  a  nnifonn  beam  will  bear  the  same  blow,  whether 
Btruck  in  the  middle  or  half  way  hetween  that  and  one  end." 

"  From  all  the  experiments  it  appears  that  the  deflection  is 
nearly  as  the  churd  of  the  arc  fallen  through,  or  as  the  velo- 
city of  iuipact." 

The  following  conclusions  are  dmwn  froin  the  experiments. 

(L)  "  If  different  lx>dios  of  equal  weight,  but  differing  con- 
siderably ill  hardness  and  elastic  force,  be  made  to  strike  hori- 
zontally atraiuftt  the  middle  of  a  heav^j  beam  8upjK>rted  at  ita 
cndB,  all  tlic  bodies  will  recoil  with  velocities  ci^ual  to  one 
antjther." 

(2,)  **  If,  as  before,  a  beam  supported  at  its  ends  be  struck 
horizontally  by  bodies  of  the  same  weight,  but  different  hard- 
ness and  elastic  force,  the  deflection  of  the  beam  will  be  tlie 
same  wliicliever  body  be  used." 

(3,)  ^'  The    quantity   of   recoil   in   a  body,   after  striking 
against  a  beam  jis  above,  is  nearly  equal  tr>  (though  somewhat 
below)  what  would  arise  from  tlie  full  varying  pressure  of  a 
perfectly  elastic  beam^  as  it  recovered  its  form  after  deflec- 1 
tion." 

Jfote.  This  last  concliiaiou  is  drawn  from  a  comparison  of 
the  results  uf  experiment  with  those  obtained  from  calcula- 
tion, in  whit'h  the  l>eam  is  assumed  as  perfeutly  elastic, 

(4)  "  The  effect  of  iKidie-i  of  different  nattires  striking 
against  a  hard,  iloxiljle  beam,  seems  to  he  indefML^ndeut  of  the 
elasticities  of  the  todies,  and  may  be  calculated,  with  trifling 
error,  on  a  supposition  that  tliey  are  inelastic." 

(5.)  *'The  I  lower  of  a  uniform  beam  to  resist  a  blow  giver 
horizontally,  is  the  same  in  ^vhatever  part  it  is  struck." 

367.  Fr<.im  the  results  of  the  experirjients  of  Messrs.  Fair- 
bairn  and  lk»dgkinson,  on  the  properties  *if  cold  and  hot  blast 
iron,  it  ap|>ears  that  the  ratio  of  their  resistarufcs  to  im|)act  is 
JOon  to  12:^0.3,  the  resistance  of  c«.ild  blast  being  represented 
by  lOUO :  the  resistance,  or  power  of  the  beam  to  bear  a  hori- 
zontal impact,  being  me?isured  by  the  product  of  its  breaking 
weight  from  a  transverse  strain  at  the  middle  of  the  beam 
and  its  ultimate  deflection.  This  measure,  Mr,  IIodgkins<uj 
reniarksj  "supposes  that  all  cast  iron  bai'S  of  the  same  dimen- 
sions, in  our  experiments,  are  of  the  same  weight,  and  that 
the  deflection  of  a  beam  up  to  the  breaking  weight  woidd  ba 
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MB  the  pressure.  ?^either  of  these  is  true;  Ilbj  are  only 
apinTximations ;  but  the  difference  in  the  weights  of  cast  iron 
bai^s  of  equal  size  is  very  little,  and,  taking  them  as  the  same, 
it  limy  be  iiifeiTed  from  my  paper  on  Ijoipact  iipoD  Beams 
{FifiA  Jieport  of  tlie  Sritiah  Association)  that  the  afisump- 
lion  above  gives  results  near  enough  for  practice." 
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This  material,  from  its  very  extensive  applications  in 
stnictaree  where  a  considerable  tf  nsile  force  is  to  be  resisted^ 
as  in  snapension  bridges,  iron  ties,  etc.,  has  been  the  subject 
of  a  very  great  number  of  experiment^.  Among  the  many 
may  be  cited  those  of  Telford  and  Brown  in  England,  Duleau 
in  France,  and  the  able  and  extensive  series  njion  plate  iron 
for  steam  boilers,  made  under  the  direction  ot  the  Franklin 
Institute,  and  published  in  the  19th  and  20th  vols.  {J^eio 
Series)  of  tlie  Journal  of  tJus  Ifistitute. 

368.  Kesistanoe  to  Tensile  Strain.  The  tables  on  the 
next  page  exhibit  the  tensile  strength  of  tliis  material  under 
ordinary  temperatures,  and  in  the  different  states  in  which  it 
is  used  for  structures. 

It  is  remarked,  in  the  Report  of  the  Sub-committee,  "that 
die  inherent  iri-cmilarities  or  the  metal,  even  in  the  beat  speci* 
mens,  whether  ot  ruUed  or  hammered  iron,  seldom  fall  short 
of  10  or  15  per  cent,  of  the  mean  strength." 

From  the  same  series  of  experiments,  it  appears  that  the 
strength  of  rolled  plate  lenghthwise  is  about  6  per  cent 
greater  tlian  its  strength  crosswise. 

In  the   Tenth  Jiej>ort  of  the  British  Association  in  1840, 
Mr.  Fairbairn  has  given  the  results  of  experiments  on  plate 
iron  by  Mr  llodgkinson,  f  ixjm  which  it  appears  that  the  mean 
•trength  of  iron  plates  lengthwise  is  22,52  tons. 
Crosswise  "  23.04     " 
Single-riveted  plates      "  18,590  lbs. 
Double-riveted  plates    "  22,258    " 

Representing  the  strength  of  the  plate  by  100* 

The  double-riveted  plates  will  be 70. 

The  single-riveted  plates  will  be 58, 
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TcMe  exhibitiny  the  Strength  of  Square  and  Hound  Bars  oj 
WrougKt  Iron, 


Length  of 

Bztei»ion  bo- 

Braakinif 

T»ii«U« 

■Biouraov  ov  mom. 

pdAOMljl 

fani  niptora 

w«i((tit  la 

Ntnii^thper 

Anthflv, 

fub. 

lu  mcbet, 

Uinn. 

■qoiwUiok, 

B«r  1  \mh  sqiukn,  W*Uh 

1 

«a.76 

UBi 

30 

TUfonL 

SUf0dUk 

1 

o.ins 

iB 

SB 

ti 

Rotttid  bar,  a  In.  dlun,   ^'     

1 

9.9 

100 

nM 

*« 

fi&r,  IJllDch •(iuA»       »    

8.9 

u.to 

«J.05 

10.75 

"    \.n         •»                »    ...  ,, 

M 

a.oo 

8a,Q0 

88.75 

Hoaud  \mr,  LSI  In.  dbjiu,  Aiat«(in 

8.5 

8v25 

M.IO 

M.BO 

u 

fi«r«  i.aC  lAcb  nqiiuiv   IFeteA ...... 

».5 

S.0O 

saos 

S4.85 

«4 

Eound  l3«r,  51  In.  diAjn,     " .,. 

ia.6 

lajw 

ioi.'m 

80188 

«4 

B«n   roduced    in  thd    middle  by 

bamtQarlikg  to  0.376  In.  niur* 

•••* 

81.86 

Bnm«L 

.... 

.... 

.... 

ao.BO' 

** 

Bit,         Jf<aii»«rf 

.... 

1188 

lliwtltitt* 

**    (lUirod*) 

.... 

.... 

88.81 

«i 

^           IWmmmm 

«( 

...» 

t*«* 

15.80 

*4 

**           AMiMi*                

....   • 

»... 

■  >•. 

m.m 

•« 

♦  •  •• 

■*** 

85.0T 

H 

..»• 

85.18 

*l 

^    Ce«bla^n)                  Si^gHtk 

*..> 

90.81 

M 

**        do.  hammorliAnlrnod     ^* 

t '  *  • 

81.7U 

«* 

RuMtHm 

.  ♦ .. 

.... 

88.W 

** 

»••• 

87.58 

** 

«       0190 

81 08 

1* 

*'       0,1BO 

.««. 

80.80 

** 

♦*       0.10         •*                SttfftUh 

».♦. 

•*** 

.... 

86^81 

IMISDtd. 

Table  exhibiting  the  Mean  Strength  of  Boiler  Iron^  per 
eqimre  ineh  in  ^a.,  cut  fro^n  platee  with  shears* 


Prooosot  iiuuiufiocun» 


Bough  adgv  bftT. 


Edgn     filed     nmt 


K0«ciMi    ffiod    llHU 

twr  oo  melt  «l8e. 


Piled  iron. ...... 

Hjunmered  plftto 
Puddled  koa. . . . 


52,841 


56,061 
55,584 
51,038 


C^3,266 
5«,447 
52,420 


Professor  Barlow,  in  his  Report  to  the  I>ireHfrr9  of  the 
Ijmdon  and  Birmingham  BaHroad  (Journal  of  Franklin 
Institute,  July,  1835),  states,  as  the  results  of  his  experiments, 
that  a  bar  of  malleable  iron  one  inch  square  is  ekmf^^ated  the 
TT.iinj*^^  part  of  its  length  by  a  sti-ain  of  one  ton  ;  that  got»d 
iron  is  elon«^ated  the  t^oW*'*  P*^^*^  %  ^  strain  of  10  tons,  and 
is  ininred  hy  this  strain,  while  indifferent  or  bad  iron  is  in- 
jurea  by  a  strain  of  8  tons. 

From  the  Report  made  to  the  Franklin  Institute^  it  appears 
that  the  first  set,  or  permanent  ^elon^tion^  may  take  pkce 
under  very  different  strains,  varying  with  the  character  of  the 
material     The  most  ductile  iron  jields  permanently  to  a  low 
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degree  of  strain.  The  extremes  by  which  a  peniianerit  set  ia 
given  vary  between  the  0.416  and  0.872  of  the  ultimate 
strength  ;  the  mean  of  thirteen  comparisons  being  0.641. 

From  the  able  eeried  of  experiments  made  bv  Mr,  Kirkaldy 
At  Glasgow,  on  the  tensile  strength  of  wrought  iron,  he  hae 
arrived  at  the  following  general  conclusions  (Kirkaldy, 
Ea^^eriments  on  Wrouffht  Iron  and  Steely  2d  Ed,y  1866) : — 

1,  The  breaking  strain  does  rwt  indicate  the  quality,  as 
hitherto  assnmed. 

2.  A  high  breaking  strain  may  be  due  to  the  iron  being  of 
superior  quality,  dense,  fine,  and  moderately  soft,  or  simply 
to  its  being  very  hard  and  unyielding. 

3-  A  hw  breaking  strain  may  be  due  to  looseness  and 
coai-seness  in  the  texture,  or  to  extreme  softness,  although 
very  close  and  fine  in  quality, 

4-  The  contraction  of  area  at  fracture,  previously  overlook- 
ed, forms  an  essential  element  in  estimating  the  quality  of 
specimens, 

5.  The  respective  merits  of  various  specimens  can  be  cor- 
rectly ascertained  by  comparing  tlie  breaking  strain  jfAntly 
with  the  contraction  of  area, 

6.  Inferior  qualities  show  a  much  greater  variation  in  the 
breaking  strain  than  superior* 

7.  Greater  differences  exist  between  small  and  large  bars 
in  coarse  than  in  fine  varieties. 

8.  The  prevailing  opinion  of  a  rough  bar  being  stronger 
than  a  turned  one  is  erroneous, 

9.  Rolled  bars  are  slightly  hardened  by  being  forged 
down. 

10.  The  breaking  strain  and  contraction  of  area  of  iron 
plates  are  greater  in  the  direction  in  which  tliey  are  rolled 
than  in  a  transverse  direction. 

11.  A  very  slight  difference  exists  between  specimens  from 
the  centre  and  Bijecimens  from  the  outside  of  crank-shafts. 

12.  The  breaking  strain  and  contraction  of  area  are  greater 
in  those  specimens  cut  lengthways  out  of  crank-shafts  uian  in 
thnee  cut  croesways, 

13.  Iron,  when  fractured  suddenly,  presents  invariably  m 
crystalline  appearance;  when  fractured  slowly,  ita appearance 
is  invariably  nbn>ue. 

14.  The  appearance  may  be  changed  from  fibrous  to  crys- 
talline by  niei-ely  altering  the  shape  of  specimen  ao  as  tc 
render  it  more  liable  to  snap. 

15.  The  appearance  may  be  changed  by  varying  the  treat 
ment  so  as  to  render  the  iron  harder  and  more  liable  :o  snap 
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16.  Tlio  appearance  may  be  changed  by  applying  tli€ 
strain  so  suddenly  aB  to  render  the  specimen  more  liable  tc 
snap,  frt*m  having  less  time  to  Btretclu 

17.  Iron  ie  less  liable  to  snap  the  more  it  is  worked  and 
rolled, 

18.  The  "skin/*  or  outer  part  of  the  iron^  is  somewhat 
harder  than  the  inner  part,  as  shown  by  appearance  of  fi-ac- 
ture  in  rongh  and  turned  bars. 

19.  The  mixed  character  of  the  scrap-iron  nsed  in  large 
forgings  is  proved  by  the  singnlarly  varied  appearance  of  the 
fractures  of  specimens  cut  out  of  crank-shafts. 

20.  The  textnre  of  various  kinds  of  wrought  iron  is  beanti* 
fnllv  developed  by  immersion  in  dihite  hydrochloric  acid, 
which,  acting  on  the  surrounding  impurities,  exposes  tbe 
metallic  portion  alone  for  examination. 

21.  In  the  fibrons  fractures  the  threads  are  drawn  out,  and 
are  viewed  externally,  whilst  in  the  crystalline  fractures  the 
threads  are  snapped  acnj&s  in  clusters,  and  are  viewed  inter- 
nally or  gectionally.  In  the  latter  cases  the  fracture  of  the 
Bjpecimen  is  always  at  right  angles  to  tlie  length;  in  the 
fr»rmer  it  is  more  or  less  irregular ;  f i-acture  is  nearly  free 
of  lustre  and  unlike  the  crystalline  appearance  of  iron  sud- 
denly fractuj^d ;  tlie  two,  couihined  m  the  same  specimen, 
are  shown  in  iron  bolts  partly  converted  into  steel. 

22.  The  little  additional  time  required  in  testing  those 
specimens  whose  rate  of  elongation  was  noted  had  no  inju- 
rious effect  in  lessening  the  amount  of  breaking  strain,  as 
imagined  by  some. 

23.  The  rate  of  elongation  varies  niftonly  extremely  in  dif- 
ferent-qualities, but  afio  to  a  considerable  extent  in  speci- 
mens of  the  same  brand. 

24.  The  specimens  were  generally  found  to  stretch  equall; 
throughout  their  length  until  close  upon  rupture,  when  thc;^ 
more  or  less  suddenly  drew  out,  usually  at  one  part  only, 
sometimes  at  two,  and,  in  a  few  exceptional  cases,  at  three  dif- 
ferent places, 

25.  The  ratio  of  ultimate  elongation  may  be  greater  in 
short  than  in  long  bars  in  some  descriptions  of  iron,  whilst 
in  others  the  ratio  is  not  affected  by  difference  in  the 
length. 

26.  The  lateral  dimensions  of  specimens  forms  an  impor* 
tant  element  in  comparing  either  the  rate  of,  or  tlie  ultimate 
elongations — a  circumstance  which  has  been  hitherto  over- 
looked. 

27*  Iron  bolts,  case-hardened,  bore  a  less  breaking  stiaii! 
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thiol    when    wbollj   iron, 


to  the  8Uf>erii>r  tenacity 


of  the  8iiml1  propottian  of  steel  being  more  than  connter* 
I'alanced  by  the  greater  ductility  of  the  remaining  portion  of 
iron, 

28.  Iron  highly  heated  and  anddenly  cooled  in  water  is 
hardened,  and  the  breaking  strain,  when  gradually  applied, 
increased,  but  at  the  same  time  it  is  rendered  more  liable  to 
snap. 

29.  Iron,  like  steel,  is  softened,  and  the  l>reaking  strain  re- 
duced by  being  heated  and  allowed  to  cool  slowly. 

30.  Injn,  Rubjected  to  the  cold-rolling  prtxsees,  has  its 
breaking  strain  greatly  increased  by  being  made  extremely 
hard,  and  not  by  being  ^*  consolidated,'*  as  previously  sup- 
posed* 

31.  Specimens  cnt  out  of  crank-shaft  are  improved  by 
additional  barumering. 

32.  The  galvanizing  or  tinning  of  iron  plates  produces  no 
nsible  eflects  on  plates  of  the  thickness  exT>enmeuted  on, 
be  iiesnitfi,  however,  may  be  different  shonlo  the  plates  be 

extremely  thin. 

33.  The  breaking  strain  is  materially  affected  by  the  6ha]>e 
of  tlic  specimen.  Thus  the  amount  Ijonie  was  much  less  w^hen 
the  diameter  was  uniform  for  some  inches  of  the  length  than 
when  confined  to  a  small  portion — a  peculiarity  previously 
imascertained  and  not  even  suspected. 

34.  It  is  necessary  to  know  correctly  the  exact  conditiona 
under  which  aiiy  tests  are  made,  before  we  can  equitably 
compare  results  obtained  from  different  quarters. 

35.  The  t^tartling  discrepancy  between  experiments  made 
at  the  Eoyal  Arsenal,  and  by  the  writer,  is  due  to  the  differ- 
ence in  the  shape  of  the  respective  specimens,  and  not  to  the 
difference  in  the  two  testing  machines. 

36.  In  sci-ewed  bolts  tlie  breaking  strain  is  found   to  be 
^ter  when  old  dies  are  used  in  their  formation  than  when 

be  dies  are  new,  owing  to  the  ii*on  becoming  harder  by  the 

§reater  pressure  required  in  fomiing  the  screw  thread  when 
le  dies  are  old  anci  blunt,  than  when  new  and  sharp. 

37.  The  strength  of  Bcrew-boUs  is  found  to  be  in  proper- 
iion  to  their  relative  areas,  there  being  only  a  slight  difference 
b  favor  of  the  smaller  compared  with  the  larger  sizes,  instead 
ijf  the  very  material  difference  previously  imao^ined. 

38.  Screwed  bolts  are  not  necessarily  injured  although 
ItJ&ined  nearly  to  their  breaking-point. 

39.  A  great  variation  exists  in  the  strength  of  iron  bai-s 
which  have  been  cut  and  welded ;  whilst  some  bear  almost  aa 
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nnieh  as  the  uncit  bar,  the  Btiengtli  of  otheifi  is  reduced  fullj 
a  third. 

40.  Iron  ia  itijured  by  being  brought  to  a  white  or  welding 
heat  if  not  at  the  Bame  tirne  hamiTiered  or  rolled. 

41.  The  breaking  strain  is  considerably  leas  when  thestraio 
16  applied  suddenly  instead  of  gradually,  though  Bome  have 
imagined  that  the  reverse  is  the  cai^e* 

42.  The  contraction  of  area  is  also  less  when  the  strain  ifl 
anddenlv  applied, 

43.  The  breaking  strain  is  reduced  when  tlie  iron  is  frozen; 
with  the  strain  gradually  applied,  the  difference  between  a 
frozen  and  unfrozen  bolt  is  lessened,  as  the  imn  is  warmed  by 
the  drawing  out  of  the  specimen. 

44.  The  amount  of  heat  developed  is  considerable  when  tlie 
apecimen  is  suddenly  stretched,  as  shown  in  the  formation  of 
vapor  from  the  mclthig  of  the  layer  of  ice  on  one  (if  tlie  ape- i 
ciraens,  and  also  bv  the  surface  of  others  assuming  tints  ol| 
various  Bhades  of  fclue  and  orange,  not  only  iu  steel,  but  also, 
although  in  a  less  marked  decree,  in  iron. 

45.  T!io  specific  gravity  is  found  generally  to  indicate 
pretty  correctly  the  qualitv  of  specimens. 

46.  The  density  of  iron  is  deoreuaed  1>y  the  process  of  wire^ 
drawing,  and  by  the  similar  pn>cess  of  cold-rolling,  instead  of 
iru*}r(m'd^  ik&  previously  imagined. 

47.  The  density  in  some  descriptions  of  iron  is  also  de- 
creased by  additional  hot-rolling  in  tue  ordinary  way ;  in  otheiB 
the  density  is  very  slightly  increased, 

48.  The  density  of  iron  is  decreased  by  being  drawn  out 
under  a  tensile  strain,  instead  of  increased,  as  believed  by 
some. 

The  bi*eaking  strain  per  square-inch  of  wrought  iron  it 
generally  statea  to  be  about  twenty-five  tons  for  bars,  and 
twenty  tons  ft*r  plates.  This  corresponds  very  nearly  with 
the  results  of  the  writer^s  experiments,  of  whieli  the  loUow- 
ing  table  presents  a  condensed  summary : — 

Blgbcat.  \tm,  lovtut.  Km.  »e«a.  lb*.      Tona 

188.  B*rt,  ToUcd &S,mS  44,584  57,555     ^S5f 

7».  Angloiroa,  eto. .     ..... 63,715  87.909  54, 725)     =  24i 

ifl7.  PUtei,  lengthwajw 62,544  87,474  50,7S7  (  _«! * 

MJO.  Plat<M,  oroMwajpt 60,760  82,450  40»171  f  ~*** 

Although  the  breaking  strain  is  generally  assumed  to  bo 
about  twenty -five  tons  for  bare,  and  twenty  tons  for  plates, 
very  great  difference  of  opinion  exists  as  to  tJie  amount  oi 
working  strain,  or  the  I  ^m.  which  can  with  safety  be  applied 
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in  actual  pi  ACtiee.  The  latter  is  varu>n9ly  stated  at  from  a 
third  to  a  tenth-  It  will  be  observed  that  whilst  ranch  dis- 
cussion has  arisen  as  to  the  amount  of  working  strain,  or  the 
ratio  tlie  hmd  should  bear  to  that  of  the  breaking  Btrain^  the 
in^poiiant  circumstance  of  the  quality  of  the  iron,  as  in- 
fluencing the  working  strain,  has  been  overlooked.  The  Board 
of  Trade  limits  the  strain  to  5  tons,  or  11,200  lbs,  per  square 
iiiL'h. 

It  must  be  abundantly  evident,  from  the  facta  wliich  have 
been  produced,  that  the  breaking  strain,  when  taken  alone, 
give^  a  false  impression  of,  instead  of  indicating,  the  real 
quality  of  the  inm,  as  the  experiments  which  have  been  in- 
etituted  reveal  the  somewhat  startling  fact,  that  frequently 
the  inferior  kinds  of  iron  actually  yielo  a  higher  i*esult  than 
the  superior.  The  reas€»n  of  this  difference  was  shown  to  be 
due  to  the  fact  that,  whilst  the  one  quality  retained  its  ori- 
.ginal  area,  only  very  slightly  decreased  by  the  strain,  the 
other  was  reduced  to  less  tliau  one-half.  Nuw,  surely  this 
variation,  hitherto  unaccountably  completely  overlooked,  is  of 
iiujKtrtance  as  indicating  the  relative  hardness  or  softness  of 
the  material,  and  thus,  it  is  submitted,  forms  an  essential  ele- 
ment in  considering  the  safe  load  that  can  bef  practically 
applied  in  various  structures.  It  must  be  borne  in  mind  that 
altuough  the  softness  of  the  material  has  the  effect  of  lessen- 
ing the  amount  of  the  hreaJcing  strain,  it  has  the  very  opposite 
eflect  as  regards  the  warhin^  strain.  This  holds  got.)d  for 
two  reasons :  first,  the  softer  the  iron  the  less  liable  it  is  to 
snap;  and  second,  line  or  soft  iron, being  more  unifonn  in 
quality,  can  be  more  depended  upon  in  practice.  Hence  the 
load  which  tJiis  deBcription  of  iron  can  suspend  with  safety 
may  approach  much  more  nearly  the  limit  of  its  bretJcing 
strain  than  can  be  attempted  witli  the  harder  or  coarser  sorts, 
where  a  gnreniGT  margin  must  necessarily  be  left. 

Special  attention  is  now  solicited  to  the  practical  use  that 
may  be  made  of  the  new  mode  of  comparison  introduced  by 
the  writer,  viz.,  tlie  bi^eakiny  strain  per  square  inch  of  me 
fractured  area  of  the  specif nen^  instead  of  the  breaking  strain 
per  square  inch  of  the  original  area. 

As  a  necessary  corollary  to  what  he  has  just  endeavored  to 
establish,  the  writer  now  subraita,  in  addition,  that  the  work- 
ing  strain  should  be  in  pTop<»rtion  to  the  breaking  strain  per 
square  inch  of  fractured  area,  and  not  to  the  breaking  strain 
per  square  inch  of  original  area,  as  heretofore.  lie  does  not 
presume  to  say  what  3aat  ratio  should  be,  but  he  fully  main- 
tains that  some  kinds  of  iron  experimented  on  by  him  wil^ 
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siisf  Aiii  with  sAfety  more  than  double  the  load  that  others  cat 
«3iisi>endj  especially  in  cireuniBtances  where  Ihe  load  is  un^ 
steady,  and  the  structure  exposed  tu  couciisfiions,  as  in  a  ship, 
or  to  vibratory  action,  as  in  a  railway  l>ridi^» 

EOT.  Resistance  to  Compressive  Strain.  But  few  ex- 
periments have  been  puldished  on  the  i^esistance  of  thif 
material  to  eoinpree^ion.  Kondelet  states  that  it  eomniencea 
to  yield  under  a  pressure  of  abotit  70,800  Iba.  per  square  inch, 
and  that  when  tlie  altitude  of  the  specimen  tried  is  greater 
than  three  times  the  diameter  of  the  base  it  yields  by  bending. 
Mr,  Hcidgkinson  states  that  the  eircimistant*e8  of  its  rupture 
from  crushing  indicate  a  law  similar  to  what  obtains  in  cast 
irtm. 


The  same  rule  for  proportioning  the  working  strain  i 
rushing  strain  is  followed  in  wrought  iron  subjected  to 


to  the 
oom^ 


crush 

pressiou  as  in  cast  iron 

Resifltance  to  a  Transirerse  Strain.  The  following 
tables  exhibit  the  circumstances  of  deflection  from  a  tmnsverse 
strain  on  bars  laid  on  horizontal  supports ;  the  weight  being 
applied  at  the  middle  of  the  bar. 

The  table  L  gives  the  results  on  bars  2  inches  square,  laid 
on  supports  33  inches  asunder;  table  IL  tlie  results  on  ban? 
S  inches  deep,  1.9  in.  bitmd,  beai'ing  as  in  table  1. 


Tabids  L 


TxBU&n, 


Oi^tocdcma  In 

BvfieofitDiis  Id 

W«i«tit  tn  toof. 

tAcbc*  for  Moh 
tMUm, 

Wdf bt  In  tona^ 

liMh«t  totmdh 

.75 

.020 

.»K) 

_ 

1.00 

.020 

.50 

.016 

150 

,0^ 

1.00 

,039 

tm 

.080 

1.50 

.020 

3.50 

.020 

2.00 

.026 

a.oo 

Set 

S.25 

.018 

„ 

« 

2.50 

.026 

^ 

^ 

2.75 

.038 

- 

- 

8.00 

.002 

The  above  experiments  were  Tna<le  by  Professor  Barlow, 
and  published  in  his  report  already  cited.  He  remarks  on 
tlie  results  in  Table  II.,  rhat  the  elasticity  was  injured  by  2.50 
toils  and  destroyed  by  3JJ0  tfms. 

370.  Trials  were  made  to  ascertain  mechanically  the  posi- 
tion of  the  neuti-al  axis  on  the  cmss  seetinn.  Pnjfespor  nar- 
lc»w  remarks  on  these  trials,  that  **  the  meaeui-ements  obtained 
IB  these  experiments  being  tension  1.6,  compression  0,4,  giv 
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ing  exactly  the  ratio  of  1  to  4  in  rectangular  bars.  These  re- 
BiiTts  seem  the  most  positive  of  any  hithortn  obtained;  stil! 
there  can  be  little  doubt  this  ratio  varies  in  iron  of  different 
qualities;  but  looking  to  the  preceding  experiments,  it  is 
probably  always  from  1  to  8,  to  1  to  5." 

371.  Effects  of  Time  on  the  Elongation  of  Wrought  Iron 
from  a  Constant  Strain  of  Extension.  M,  Vieat  has  given, 
in  the  Anmth's  (le  Chimie  et  (h  Physique^  vol,  54,  some  ex- 
periments on  tliis  |x>int,  made  on  iron  wires  which  had  not 
oeen  annealed,  by  snbjceting  four  wires,  respectively,  to 
strains  amounting  to  the  J,  tlie  i,  the  i,  and  f  of  their  tensile 
strengthj  during  a  period  of  33  raontlis. 

Fmni  t!ie  results  of  these  experiments  it  appears^  that  each 
wire,  immediately  upon  the  application  of  the  strain  to  which 
it  was  subjected,  received  a  certain  amount  of  extension. 

The  first  wire^  which  %vas  subjected  to  a  strain  of  \Xh.  its 
teusile  strength,  was  found  at  the  end  of  the  time  in  question 
not  to  have  acquired  any  increase  of  extension. 

The  second,  submitted  to  \^  its  tensile  strength,  was  elon- 
gated 0.027  in,  per  f(X)t,  independently  of  the  elongation  it  at 
first  received. 

The  third,  subjected  under  like  circumstances  to  a  strain  of 
Jth  its  tensile  strength,  was  elongated  0.40  in.  per  foot,  be- 
sides its  first  elougation. 

The  fourth,  similarly  subjected  to  fths  the  tensile  strength, 
was  elongated  0,061,  besides  its  first  elongation. 

From  observations  made  during  the  expcHments,  it  was 
found  that,  reckoning  from  tiie  time  when  the  first  elongations 
Uiok  place,  the  rapidity  of  the  subsequent  elongations  was 
nearly  proportional  to  the  tiroes ;  and  that  the  elongations 
from  strains  greater  tlian  4th  the  tensile  strength  are,  after 
equal  times,  nearly  propoitmnal  to  the  strains. 

M.  Vieat  remarks  in  substance,  upon  the  results  of  these  ex- 
periments, that  iron  wire,  when  not  annealed,  commences  to 
exhibit  a  permanent  set  when  subjected  to  a  strain  between  the 
\  and  ^  or  its  tensile  strength,  and  that  therefore  it  is  rendered 
probable  that  the  wire  ropes  of  a  suspension  bridge,  which 
should  be  subjected  to  a  like  strain,  would,  when  the  vibratory 
motion  to  which  such  structures  are  liable  is  considered,  yield 
constantly  from  year  to  year,  until  they  entirely  gave  way. 

M.  Yicat  further  remarks,  in  substance,  that  the  measure  of 
the  resistance  offered  by  materials  to  stj'ains  exerted  only  some 
minuter,  or  hours,  is  entii-ely  relative  to  the  duration  of  the 
experiments.  To  ascertain  the  absolute  measure  of  this  re- 
Bistance,  which  shouUl  serve  as  a  guide  to  Oie  engineer,  the 
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materiaA6  ought  to  be  sabjected  for  some  months  to  strainB  \ 
while  obBervations  should  be  made  during  this  period,  with 
accurate  instruments,  upon  the  manner  in  which  they  yield 
under  these  strains. 

7%^  foUowmg  tahlesj  an  the  compa/rtUive  strength  of  irony 
eted  and  hemp  rope  are  taken  jram  Stonej^e  work  on  the 
Theory  of  StroMie^  VoL  IL  The  v>eights  are  ffvoen  in 
Englieh  unite. 
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Ho^ 

llnaldnit 

Btm)«tbper 

«1.  iQClU 

PiMtlnilu 

Bfcrotah. 

Iroftli. 

tmgtk. 

Xtn.wm  from. 

8 

a 

8 

S2^ 

ai6o 

159»823 
160,000 
155,400 

14.67 

14.5 

14.6 

1,'. 

If 

2.9 

5.043 

5.0143 

5.006 

4-8  >  TemptFod 

>8j 

OABT-VTEKL.      (WEB8T&B,   HOBfiFALI..) 


N<K 

BnAklii« 

BtzvJn. 

BCFenfftbpar 

Stirtch, 

Per 

omL  of 

Longtik 

I>rmini  Cron. 

9 

0 

0 

10 

2856 

2819 
2849 

1088 

167,601 

106,122 
168,506 
150,560 

17.6 

t7.fi 

17.6 

.  22.6 

li 

H 
i 

2 
1.8 

1,8 
lA 

496 
4.06 
4.06 
4027 

4-8,  then  tem- 
pered and  fin- 
iahed  in  1  hole. 

The  followiiiig  reeulte  were  computed  from  experiments  by 
the  late  J,  A.  lS)eb!ii)^^,  the  eminent  engineer  of  the  Niagara, 
Cincinnati  and  other  BuspeiiBion  h ridges,  on  the  comparative 
strength  of  iron-wire  ropo  and  of  henip  rope.  The  breaking 
wei|!;ht  being  in  tons  of  2,000  lbs. 


K<k, 


J 


8, 


ifi 


11.45 

7.18 

a.o 

7.05 
4.18 


Teartof  •tndn  por 
■quiuv  inch  In  tcnu. 


Wirt 


22.8 
32.3 

22.8 
2^.6 

22.8 


JVote.  No6.  1,  2,  3,  were  made  of  wliat  la  kiiovm  as  fine 
wire ;  Nos.  4,  5,  of  coai'se  wire. 

372,  Effects  of  Temperature  on  the  Tensile  Stren^h 
of  Wrought  Iron.  The  e.xiKjrinients  made  under  the  direc- 
tion of  the  FrankHii  Institute,  already  noticed,  ha%'e  developed 
Ktme  very  curious  facta  of  an  anomalouB  character,  with  r^ 
spect  to  the  effect  of  an  increafie  of  temperature  upon  the 
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It  was  found  that  at  high  degro 


etrength  of  wrought  ir<  ^^^        o 

of  heat  the  tensile  strength  wa^  greater  up  to  a  certain  point 
tlian  was  ^diibited  by  the  same  iron  at  orainarj  t-eiiiperatnres. 
The  Siib'comniittee  ui  their  Report  remark:  "Thi&circmn- 
gtance  was  noted  at  212^,  392°,  and  572°,  rising  bv  etepe  of 
IHO^  each  frum  S^'',  at  which  last  point  sttme  iriale  Wve  been 
made  in  nieltino;  icre.  At  tlie  highest  of  these  points,  however, 
it  was  perceived  that  some  specimens  of  the  metal  exliibited 
but  little,  if  any,  superiority  of  strengtli  over  that  which  they 
had  possessed  when  cold,  while  others  allowed  of  being  heated 
nearly  to  the  boiling-point  of  mercur}-,  before  they  manifested 
any  decided  indications  of  a  weakening  effect  from  increase 
uf  temperature." 

"  It  hence  became  apparent  that  any  law,  taking  for  a 
bap  is  the  strength  of  iron  in  its  ordinary  condition,  and  at 
common  temperatures,  mnst  be  liable  to  great  uncertainty,  in 
regard  to  its  application  to  different  specimens  of  the  metal. 
It  was  evident  that  tlie  anomaly  above  referred  to  must  be 
only  apparent,  and  that  the  tenacity  actually  exhibited  at  572°, 
as  well  as  that  wliich  prevails  while  the  iron  is  in  tlie  state  in 
which  it  was  left  by  forging  or  i*olling,  must  be  below  its 
maximum  tenacity." 

From  tlie  experiments  made  upon  several  bars  of  the  same 
iron,  it  appeared  that  their  *'  maximum  tenacity  was  15.17  per 
cent,  greater  than  their  mean  strength  when  tried  cold.'" 

Calculating  the  maximum  tenacity  in  other  experiments 
fri>ra  this  standard,  the  Sub-committee  have  dniwn  up  the 
following  table  exhibiting  the  rehitions  between  diminutions 
from  the  maximum  tenacity  and  the  dej!:rees  of  temperature 
by  which  they  are  caused,  rrom  which  the  curve  representing 
the  law  of  these  relations  can  be  constructed. 

The  Sub-committee  remark  on  the  c«:instmction  of  the  above 
table:  ''As  some  of  the  exi>enment8  which  furnished  the 
standards  of  comparison  for  strength  at  ordinary  temperatures 
wci-e  made  at  SO  ,  and  as  at  this  point  small  variations  with  i-e* 
Rpect  to  heat  appeai*  to  affect  liut  very  slightly  the  tenacity  of 
iron,  it  was  coneeived  tliat  for  j:>ractical  purposes,  at  least,  the 
calculations  might  be  commenced  from  that  point." 

**  It  will  be  found  that  with  the  exception  ol  a  sligth 


nfht  anoma- 


ly between  520^  and  570^,  amoimting  to  — .08,  the  numbers 
expressing  the  ratios  lietween  tlie  elevations  of  temperati*re, 
and  the  diminutions  of  tenacity,  cx>nstantly  increase  until  we 
reach  OSS'",  at  which  it  is  2.97*,  and  that  from  this  point  the 
ratio  of  diminution  decreases  to  the  limits  of  our  range  of 
^als,  1317°,  where  it  is  2,14     I(  will  also  be  observed,  that 


160 


GTVIL    KNOINEI£EIKd« 


the  dimintition  of  tenacity  at  932^,  where  the  law  chaiigei| 
from  an   increasing  to  a  decrefising  rate  of  dimmotioiij  ii 
almost  precisely  one-third  of  the  total,  or  mammum  strength 
of  the  iron  at  ordinary  temperatures.*' 

TABLE. 


fltwiiip  ■  afl  <fi«nl_ 

Pow«r  of  th«  teisp«r»tan 

VaofU>t«oai' 

ObMTTtd  t«in- 

OlmmA  tem- 

UDBorm]  uiiDi'' 
nntiim  of  t*- 

w  hlcb  rapraMUtJi  the  dL' 

pviMb 

pentnniL 

1 

5m' 

440* 

.0788 

2.25 

2 

670 

490 

.0809 

2.17 

8 

596 

51G 

,0689 

2.38 

4 

m% 

5*l3        ' 

J155 

2.67 

6 

770 

000 

,1027 

2.85 

0 

BU 

744 

.2010 

2.94 

7 

032 

852 

.3.*^ 

2.97 

S 

1080 

950 

,4478 

2.99 

9 

1111 

1031 

.5514 

2.08 

10 

1150 

1075 

.6000 

2.00 

11 

1237 

1157 

.<](!23 

2.41 

If 

1817 

I23T 

.7001 

2.14 
Mewi2.68 

From  the  mean  of  all  the  rates  in  the  above  table  the  fol- 
lowing rule  is  deduced  ;  **  t/ie  thirteenth  pcwer  ofth^  temper- 
a^/uflc^  ahov6  80°  is  proportionate  to  the  iifth  power  of  the 
ditmnutionjroffi  ths  ?Tuixi?fium  tenuGity, 

Professor  W.  It  Johnscm,  a  member  of  the  Sub-committe€|' 
has  since  applied  the  rebiilts  develoi>ed  in  the  preceding  cx» 
periments  to  practical  purposes,  in  iiicrea8in|^  the  tenacity ^of 
wrought  ircjn  by  subjecting  it  to  tension  iinoer  a  high  degree 
of  temperature,  before  using  it  for  pnrixises  in  which  it  will 
have  to  undergo  considerable  strains,  as,  for  example,  in  chain 
cables,  etc. 

This  subject  was  brought  by  Prof.  Jolmson  before  the 
Board  of  Kavy  Commissionerfi  in  1841 ;  subsequently,  experi- 
ments were  made  by  him  under  direction  of  the  Navy  Depart 
mentfi  the  results  of  which,  as  exhibited  in  the  following 
table,  were  published  in  the  Settate  Public  Docmnents  (1), 
28^  Congress,  2d  Session,  p,  641,     Dec.  3,  1844, 

Prof.  Johnson  in  his  letter  remarks  ;  "  It  will  be  observed 
that  in  tljebe  experimonta  the  tempemture  has^  with  aviev  to 
economy  of  time,  been  limited  to  400°,  whereas  the  beat 
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effects  of  the  process  have  generallj  been  obtained  heretofore 
when  the  heat  has  been  as  nigh  as  575°.'' 

TaUe  of  the  Effects  of  Thermo-iension  on  the    Tenacity 
and  Elongation  of  Wrought  Iron. 


133ID  09  lAOlf. 

with  TTuff- 
mo-tetuiluTU 

C  aln  of 

G«iiiof 

ihetrwu 
1     meat. 

Ttktel  giOii 

I'radegar,  No.  1,  round  iron 

Do.                       do. 
Tredegar,  aqaare  bar  iron 
Tredegar,  No.  3,  round  iron 
SaUabarj,  round  (Ames*) 

60 

m 
m 

58 
105.87 

71.4 
72.0 
(17. 3    1 
68.4 
121.0 

6.51 

6.51 

6.77 

5.263 

8.78 

19.00 

moo 

12.00 
17.03 
14.29 

25.51 

26.51 
18.77 
23J9 
18.02 

Mean, 

— 

— 

6.75 

16.64 

23.40 

From  the  experiments  of  Mr.  Kirkaldy  it  appeai*8  that 
**  wrought  iron  is  injured  by  being  brtmght  to  a  wtiite  heat  if 
not  at  the  same  time  hammered  or  rolled." 

Resistance  of  Wrought  Iron  and  Steel  to  a  Shearing  Strain, 
From  the  e.^cporiments  of  Mr*  Clark  on  plates  joined  bj  a 
single  wrought-iron  rivet,  and  those  of  Mr,  Kirkaldy  on  steel 
rivets,  it  appears  that  the  resistance  to  a  shearing  strain  of  the 
former  was  very  nearly  equal  lo  its  tensile  strength  ;  and  for 
the  latter  that  it  was  about  three-fourths  of  its  tensile 
strength. 

37i  Resistance  of  Iron  Wire  to  Impact.  The  follow- 
ing table  of  experiments  gives  the  results  obtained  by  Mr. 
Hodgkinson,  by  suspending  an  iron  ball  at  the  end  of  a  ^nre 
(diameter  No,  17),  and  lotting  another  iron  ball  impinge 
upon  it  from  different  altitudes.  The  suspended  and  imping- 
ing  balls  had  holes  drilled  through  them,  through  which  the 
wire  passed,  A  disk  of  lead  was  placed  on  the  sn&pended 
ball  to  receive  the  blow,  and  lessen  the  recoil  from  elasticity. 

The  following  observations  are  made  by  Mr.  Hodgkinson : 
" To  ascertain  tbe  strength  and  extensibility  of  this  wire,  it 
was  broken  in  a  very  careful  experiment  with  252 J  lbs?.,  sus- 
pended at  its  lower  end,  and  laid  gradually  on.  And  tc»  ob- 
tain theinci-enieut  of  a  portion  of  the  wire  (length  24:  ft,  S  in.) 
when  loaded  by  a  certain  weight,  it  had  139  lbs.  huno;  at  the 
bottom,  and  when  89  Iba.  were  taken  off  the  load,  me  wire 
decreased  in  length  .39  inch. 
11 
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materia;^  ought  to  be  subjected  for  some  months  to  strains  ^ 
while  observations  should  be  made  during  this  period,  with 
accurate  instruments,  upon  the  manner  in  which  they  yield 
under  these  strains. 

The  foUowmg  tables^  on  the  compa/rdti/oe  strength  of  vron^ 
steel  and  hemp  rope  wre  taken  from  Stonej^e  work  on  the 
Theory  of  StrainSj  VoL  IL  The  weights  are  gvoen  in 
English  vmts. 
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t  nzxE^  MADS  7BOIC  MASi^mxi»  Bt  mammb.  a  00«    HOV  ! 


Ko. 

il 

li!" 

1 

1^ 

1 

L«Qffth. 

Dnwn  tMun, 

6 

8472 

118,471 

10.15 

H 

2.4 

5.0783 

4^ 

6 

3220 

110,563 
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1.3 
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4-6. 

7 
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114,549 
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4-7;lMge7 

T 

SI  36 

122.880 

11.6 

u 

1.8 

6.1 

4-7. 

8 

2135 

109,034 

15.9 

1.04 

4,9844 

4^. 

9 

2184 

127,000 

1T3 
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4.8646 

4-6  and  6^9. 

9 

1904 

109,770 

17.14 

0,65 
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4-6  and  6-9. 

10 

1694 

117,567 

20.6 

1.2 

4.8375 

4-10  \  DO  ftnnffalmg- 

10 
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111,718 

20.6 

0.6 

4.8375 

4^10  j  between  bard  dm  wo. 

10 

11334 

130,403 

21.16 

1 

4.96 

4-7  and    7-10  not    fliawn 
haid. 

n 

1407 

121,900  1  25.7 

0,8 
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haid. 

IS 

1015 
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32.6 

1.5 

4.6094 
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IS 
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0.8 
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54 
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15 
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170.740 

62.5 
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48854 

4-7;  7^X0;  10-12  and  13-15. 

18 
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83.17 
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9 
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1.2 
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4S,    Prawn  in  Germany. 
4-^9        ♦*        **           ** 
4_9        il        H           it 

CA8T-fiTEEL,  PIANO  WIRE.      (M,  POHLMAltK^  ITUBEIICBSRO.) 
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cent,   of 
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Dniwn  fnuB. 
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lb. 
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nealine    belcrw 

15 
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IrV 

1.8 

4.69 

la 

15 
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270JH>0 

74,5 

'  r 

1.6 

4.65fi 

16 

774 

240.700 

96.0 

1 

1.6 

4.5 

Ifl* 

812 

L*8:i.;i2U 

103.8     , 

ll^ 

2.0 

4.865 
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27r).r,2,i 
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1 

1.2 
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H 
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4.78 
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Ho, 

itnncthper 

PoHtnOM 
lb. 

Strotdi. 

LsBfth.    1       Dmwn  fteoi* 

6 

6 

6   ' 

8230 

83ais 

8160 

158,833 

160,000 
155,400 

UM7 
14.5 
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3.3 
3 

6.D43    A^) 

5.0143    4-8  .Temp«r©4 

CAtfr-wruKU    (wcbsteb,  hobbvalu) 
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Btfikln. 


F«et  Sd  the 

lb. 


Lenjrth. 


Dnnrfi  ttfiiB« 


3856 
3813 
3843 

1988 


107,601 
irmj23 
108,600 
160,500 


17.0 

17. 0 
17.6 
22.6 


400 
4J6 
4.t»6 
4.927 


4r-8,  tlien  tem* 

►  per©d  and 

iah^d  ia  1  hoUi* 


The  following  rcfiults  were  computed  from  experimentfl  by 
the  late  J.  A.  Roebling,the  eminent  engineer  of  tlie  Niai;:ara, 
Cincinnati  and  otber  sngpension  bridges,  on  tJie  eoiiiparative 
etrenpth  of  iron-wire  rope  and  of  hcnip  rope.  The  breaking 
weight  being  in  tons  of  2,000  Ibe. 
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H«raR 
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1 
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4 
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11,45 

33.8 

3-8 

3 

8.01 

1.33 

6 

0.5 

T18 

23.  a 

8.78 

3 

2.m 

0.7 

8 

7 

8.0 

22. S 

41 

4 

40O 

L37 

13 

10 

165 

33,0 

8.77 

5 

3.08 

0.7 

15 

7.35 

418 

32,8 

3.83 

J^ate*  Nos,  1,  2,  3^  were  made  of  what  is  known  as  fine 
wire ;  Koe.  4,  6,  of  coarse  wire. 

372.  Effbcts  of  Temperature  on  the  Tensile  Streo^h 
of  Wrought  Iron.  The  experiments  made  nnder  the  direc- 
tion of  the  Franklin  Institute^  already  noticed,  have  develoj^ed 
Bome  very  curious  facta  of  an  anomalous  character,  with  r^ 
spect  to  the  effect  of  an  increase  of  temperature  upon  the 
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Btretigth  of  wrou£^ht  iron.  It  was  found  that  at  high  degmee 
of  heat  the  tenfeile  strengtli  was  gi*eater  op  to  a  certain  point 
than  was  #:hibited  by  the  earne  iron  at  ordinary  tcmi>eratiii^B. 
The  Sub-e4.>iDmittee  in  their  Report  remark :  "  Tliia  circum- 
stance M'as  nr>tcd  at  212'\  392^,  and  572'^,  rising  bv  steps  of 
180^  each  frnui  32°,  at  which  last  ptiint  snme  trials  Lave  been 
made  in  nieltiii^  ice.  At  the  lnji:hest  of  these  points,  however, 
it  was  perceived  that  some  Bpecimena  of  the  metal  exliibited 
but  h'ttle,  if  any,  superiority  of  strength  over  that  which  they 
had  possessed  when  cokJ^  while  othei^  allowed  of  being  heated 
nearly  to  the  boiling-poiiit  of  mercnrj%  before  they  manifested 
any  decided  indicatiuus  of  a  weakening  effect  from  increaaa 
of  temperature," 

'*  It  hence  became  apparent  that  any  law,  taking  for  a 
basis  the  strength  of  hxm  in  its  ordinary  condition,  and  at 
common  temperatures,  mnst  be  liable  to  great  uncertainty,  in 
regard  to  its  application  to  diffeix^nt  Bpecimeus  of  the  metal 
It  waB  evident  that  the  ancjmaly  above  referred  tu  must  be 
only  appaient,  and  that  the  tenacity  actually  exhibited  at  572% 
as  well  as  that  which  prevails  while  the  iron  is  in  the  state  in 
which  it  was  left  by  foi'ging  or  rolling,  must  be  below  its 
maximmn  tenacity  " 

From  the  experiments  made  upon  eeveral  bars  of  the  same 
iron,  it  appeared  tliat  their  ''  maximum  tenacity  was  15.17  per 
cent  greater  than  their  mean  strength  when  tried  coldJ' 

Calculating  the  maximum  tenacity  in  other  exf>erimenta 
frim  this  standard,  the  Sub-committee  have  drawn  up  the 
following  table  exhibiting  the  relations  between  diminutions 
from  the  maximum  tenacity  and  the  dee^rees  of  temperature 
by  which  they  are  caused,  from  which  the  curve  representing 
llie  law  of  these  relations  can  be  constructed. 

Tlie  Sub-committee  remark  on  the  construction  of  the  above 
table:  "As  some  of  the  experiments  which  furaished  the 
fitandai'ds  of  comparison  for  strength  at  ordinary  temperaturea 
were  made  at  80^,  and  as  at  tJiis  point  small  variations  with  re- 
Bjiect  to  heat  appear  to  affect  liut  very  dightly  the  tenacity  of 
iix^n,  it  was  conceived  that  for  practical  purposes,  at  least,  the 
calculations  might  be  commenced  from  tliat  point," 

^'  It  will  be  fijund  that  with  the  exception  of  a  slight  anoma- 
ly between  520°  and  570°,  amounting  to  — .08,  the  numbers 
expressing  the  ratios  between  the  elevations  of  temperahire, 
and  the  diminutions  of  tenacity,  constantly  increase  until  we 
reach  932*^,  at  which  it  is  2.97,  and  that  fi-^jm  this  point  the 
ratio  of  diminution  decreases  t<:*  the  limits  of  our  range  of 
trials,  1317%  where  it  is  2.14     II  will  also  be  observed,  that 
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the  diminution  of  tenatiity  at  932°,  where  the  law  changes 
from  an  increasing  to  a  decreasing  rate  of  dlminutioii,  ii 
almost  precisely  one-third  of  the  tot3,  or  maanmum  strength 
of  the  iron  at  ordinary  temperatures," 


TABLE, 


ObnerTed  dtmU 
DUtJon  oC  te> 

Vowew  of  th«  trtniMntDK 

VaoltiMoom- 

ObMnred  torn- 

ObNcrved  t«m* 

w  biob  rvpTNNiDU  tltft  di> 

mlmm. 

pei&tarBii 

l?«ntiuaii-W. 

mLEmttoo  of  taiuiQltj  M 
«aob  pol&l. 

I 

590' 

440' 

.0738 

9.95 

2 

670 

400 

.OdOO 

9.17 

8 

600 

616 

.084^0 

2.88 

4 

m^ 

582 

J 155 

8.67 

6 

770 

mo 

.1027 

8.85 

^ 

8^ 

744 

•!J010 

9.04 

7 

03d 

859 

.m-u 

9.07 

8 

1O30 

060 

.4^178 

9.09 

0 

1111 

1081 

.5514 

9.68 

10 

1155 

1075 

,0000 

9.60 

11 

1237        , 

1167 

.0029 

9.41 

12 

1817 

1237 

.7001 

9.14 
Mwi9.58             1 

From  the  mean  of  all  the  rates  in  the  above  table  the  fol- 
lowing nile  is  deduced :  **  t/i^  thiHeetith  power  of  the  te^nper- 
ature  above  80°  i»  proportioiiate  to  tm  fifth  j)mver  oj  the 
diminutwnfrom  the  fuaxif/ium  tenueityr 

Professor  AV.  K.  Johnson,  a  member  uf  the  Sub-committee, 
has  since  applied  the  results  developed  in  the  preceding  ex- 
periments to  j^ractical  purposes,  in  increasing  the  tenacity  ^of 
wrought  iron  by  subjecting  it  to  tension  mider  a  high  degree 
of  tem})erature,  before  using  it  for  purposes  in  which  it  will 
have  to  undergo  considerable  stmins,  as,  for  example,  in  chain 
cablee,  etc. 

This  subject  was  brought  by  Prof.  Johnson  before  the 
Ifcard  of  Navy  Commissioners  in  1841 ;  subsequently,  experi- 
ments were  made  by  him  under  direction  of  the  Navy  Dejiart 
ments  the  results  of  ^vhich,  as  exhibited  in  the  following 
table,  were  published  in  the  Senate  Public  Documents  (1), 
28^A  Congrem,  2dSesmon,  p.  641.     Dec.  3, 1844. 

Prof.  Johnson  in  his  letter  remarks  :  '*  It  will  be  observed 
that  in  thuse  experiments  the  tenipemture  has,  with  a  vie  v  to 
economy  of  time^  been  limited  to  400°,  whereas  the  beat 
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effects  of  the  process  have  generally  been  obtained  heretofore 
when  the  heat  has  been  aa  nigh  as  575°." 

Table  of  the  EfecU  of  TAermo-tmsion  on  the   Tenacity 
and  Elongation  of  WrougJU  Iron. 


msKu  or  xBcnr. 

Strength 
ofooUL 

strength  »f- 
tt?r  trrntiinfr 
with  Th**' 

meat. 

Total  gftto 
of  value. 

TpedegftT,  No.  I,  found  iron 

Do.                       do, 
Tted^^r^  aqa&re  bar  iron 
TredegiM",  No.  3,  romid  iron 
Boliiibniy,  round  (Ames^) 

60 

m 

60 
58 
105.87 

71.4 

72.0 

07.3 

68.4 

121.0 

6.51 

6.51 
0.77 
5.263 
S.7S 

19.00 

moo 

12,00 
1703 
1429 

J25.51 
20.51 
18.77 
23.19 

18.03 

Mean, 

— 

— 

5.75 

10.64 

22.40 

From  the  experiments  of  Mr.  Kirkaldy  it  appears  that 
"  wrought  iron  is  injured  by  being  brooglit  to  a  white  heat  if 
not  at  the  same  time  hamn:iered  or  rolled.'" 

Resistance  of  Wrought  Iron  and  Steel  to  a  Shearing  Strain. 
From  the  experiments  of  Mr.  Clark  on  plates  joined  by  a 
single  WTonght-iron  rivet,  and  those  of  Mr.  Kirkaldy  on  steel 
rivets,  it  appears  that  the  resistance  to  a  sliearing  strain  of  the 
former  was  very  nearly  equal  lo  its  tensile  strengtii ;  and  for 
the  latter  that  it  was  about  three-fourths  of  its  tensile 
Btreneth. 

373  Resistance  of  Iron  Wire  to  Impact.  The  follow- 
ing table  of  experiroenta  gives  the  results  obtained  by  Mr. 
Htxigkinson,  by  suspending  an  iron  ball  at  the  end  of  a  wnre 
(diameter  No.  17),  and  lotting  another  iron  ball  impinge 
upon  it  frrnn  different  altitudes.  The  suspended  and  imping- 
ing balls  had  holes  drilled  throngh  tliera,  throiio^h  which  the 
wire  passed.  A  disk  of  lead  was  placed  on  tlie  suspeiided 
ball  U^  receive  the  blow,  and  lessen  the  recoil  fmm  ela^iticity* 

The  following  observations  are  made  by  Mr.  Uorlgkinson : 
"  To  ascertain  tne  strcngth  and  extensibility  of  this  wire,  it 
was  broken  in  a  very  carefnl  experiment  with  252^^  lbs.,  sns- 
pended  at  its  lower  end,  and  laid  gradually  on.  And  to  ob- 
tain the  increment  of  a  portion  of  the  wire  (length  24  ft.  8  in.) 
when  loaded  by  a  certain  weight,  it  had  139  lbs.  hung  at  the 
bottom,  and  when  89  lbs.  were  taken  off  the  load,  uie  wire 
decreased  in  length  .39  inclL 
11 


t 
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TABLE, 


1 

h 

^K 

111, 

Beisbt  fnOui  ihrougb  by 
ttrlMng  bftlL 

Bamvkib 

I 

ii 

{^« 

ft.   tn. 

lU.  OK. 

Ibl.    OS.    ' 

»    0 

6    14 

0     9 

a,  2H,  «,  8Kt  4 

4X 

f« 

NolMuL 

— 

— 

— 

(reputed)  iK.«,8X.i4J|f. 

& 

M    0 

e    0 

10     1 

7 

[• 

1     Tbt  w1r«  BIB- 





«. 

(rep<»t«d  with  fresh  wke.)  Q,* 
1,  <  a.  4,  M^  «K,  7, 

flXf' 

ttUj  broke   ii«w 

^ 

'.^ 

44      0 

714 

tbo  polnl  of  Im- 

— 

— ' 

bu    s 

«.  6X.  7.  7>4,  S,  BH  «. 
S,  8K»  ».  9X.  10.  10><. 

»J4 

pact,  Kntl  ft  wai 

^ 

^ 

B&     0 

11 

CUljilKtod     to     lt« 

_ 

'- 

3»     0 

S,  «;<,  »,  VM,  10, 

103tf 

1entrtli«    if  froib 

*— 

40     0 

10      1 

a,  4  IncbeA, 

{(ixiclu!« 

wire     were    not 

■^ 

"- 

tn    a 

t»  8,  4,  S,  0  liidiei, 

7     do. 

lued  bj  B  rawnr* 
J  BC  tho  top. 

— h 

^ 

aft    0 

4,  5  tn«b«, 

0       do. 

»4  a 

as    0 

44     0 

tJucbeis 

8     do. 

from  top. 

"  Should  it  be  suffgested  tliat  the  wire  by  being  frequently 
inipiiiged  upon  would  jierhaps  be  iriueh  weakened,  the  author 
would  beg  to  refer  to  a  paper  of  hia  on  Chain  Bridges,  J/irn- 
e/iester  Memoirs,  2d  series,  %'ol.  5,  where  it  is  ghown  that  an 
iron  wire  broken  bv  preBsnre  several  tiniea  in  giiceessioii  is 
very  little  weakenecf,  and  will  nearly  bear  the  same  weight  as 
at  fir^t.** 

"The  first  of  the  prceeding  experimentB  on  w^ires  are  tlie 
only  ones  from  which  the  maxinnim  can,  with  any  appi-oaeh 
to  eeitaiuty,  bo  inferred  ;  and  we  see  from  them  that  the  wire 
resisted  the  impulsion  witli  the  greatest  effect  when  it  was 
loaded  at  bottom  with  a  weight,  wliidi,  added  to  that  of  the 
Btrikiiig  body,  was  a  little  more  than  one-third  of  the  weight 
that  would  lireak  the  wire  by  pressure." 

"  From  tjiese  experiments  generally,  it  appears  tlmt  the  wdi^ 
was  weak  to  bear  a  blow  when  lightly  loaded." 

'*  These  hist  experiments  and  remarks,  and  some  of  the  pre- 
ceding ones '' (on  norizorital  impact),  "show  clearly  tlie  benefit 
of  giving  considerable  %veiglit  to  elastic  structureB  eubjeet  to 
impact  and  vibration." 

374.  Kesi  stance  to  Torsion  of  Wrought  and  Cast  Iron. 
— The  following  table  exhibits  the  results  of  experiineuta 
made  by  Mr.  Dunlop,  at  Glasgow,  on  roorid  bars  or  wrought 
iron.  The  twisting  weights  were  applied  w*ith  an  arm  of  lever 
14  feet  2  Inchea 


^                    eT£ENGTH   OF  STKET^ 

flevift  of             ^1 

Dl&m«ter  of  tail 
tnlnafaa*. 

Wdf^ttalbL  pro- 
dndjf  rupton. 

2 

H 

4 
4i 

350 

884 

408 

700 

1170 

1340 

1863 

1088 

3153 

^B         ToiJd  ofExperimmes  made  Try  Mr.  0.  Jtennie  tfj 
^H            afid  WrougM  Iron.   Weight  applied  at  an  arm  Oj 
■            2/eet. 

^H                                               MATKRTAT.. 

Len^    of 
bktckt  In 

ilkOlMS. 

BiMOf 
iDOtiOOft] 

log   weigbr                   ^H 

^^H          Ifon  Gu(i  lioiisozitttllj « •  *  • 

0 
0 

0 

10 
0 

0 

10     10        ^^H 

13        ^^H 
13        ^^H 

^H                                                      y^i^^Uj' 

^H                   '*        hon'xontaUj . 

^^H 

^H           **     Tflfticaiiy.,,  ".!!,'!!*..'!. ".!'!!!!!] 

^H                 T«™«iv 

^^H 

^^H 

^^m                          hfTiiTiTTitiiliy 

^^H 

^^H 

^^H          Wiongut  iron  {^gHih)^ , 

^H                                                   (A^^^^A) 

by  a  go 
and  the 
Qt  of  ca 

vernment        ^^^| 
)  strength             ^H 
rbou  the}         ^^H 

H                                                   VIL 

^H                                                           9TBEKOTH   OP  BTiAKU 

^H            876,  Fbom  experimonts  made  in  Sweden 
^H        oommiesion  it  appears  that  both  the  ductility 
^H        of  Bteel  and  iron  are  influenced  by  the  amouj 
^H         contain. 
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The  experiments  show  that  the  hardest  material  haa  the 
greatest  strength  both  before  and  after  a  peniiai^eot  set  has 
taken  place  from  the  force  employed ;  but  its  ductility  is  also 
the  least.  The  Bessemer  steel  in  these  experiments  gave  the 
earne  results  as  the  other  processes  for  obtaining  steel,  the 
pamo  pig  iron  being  used  in  each  case.     * 

The  limit  for  the  amount  of  carbon  for  the  Eessemer  steel 
is  from  1.2  to  1,5  per  cent.  With  a  larger  amount  both  the 
strength  and  ductility  was  found  to  decrease.  Whoa  tlie 
amount  of  tiarbon  does  not  exceed  0.4  per  cent,  the  ductility 
of  Bessemer  steel  is  about  the  same  as  puddled  iron  from  the 
same  pig  iron,  and  as  it  is  not  only  much  stmnger  but  more 
dense  and  homogeneous  than  the  puddled  material,  it  is  de 
ciJedly  superior  for  railway  purposes. 

From  toe  experiments  of  the  same  commission  that  tlie 
Btrength  both  or  iron  and  steel,  subjected  to  strains  between 
tlie  extremes  of  temperature  of  boiling  water  and  freezing 
mercury,  was  greater  during  low  than  at  ordinary  tempera* 
tures. 

The  cheaper  methods  which  have  been  introduced  into  the 
manufacture  of  steel  within  but  afowye^rspast,  havebn>uglit 
this  material  within  the  class  of  the  ordinary  materials  for 
engineering  purpcjses ;  as  railroad  bars,  bridges,  etc* ;  and  has 
lea  to  a  very  extensive  series  of  experiments  upon  its  resist- 
ance to  the  usual  strains  on  building  materials;  among  the 
mtjst  noted  of  which  are  those  of  Mr.  Fairbairn  and  or  Mr. 
Kirkaldy. 

The  results  of  Mr.  Fairbaim's  experimenta,  Report  of  the 
British  Atssoaiaiion^  1867^  give  for  the  mean  rupturing  strain 
from  extension  106,848  Iba.  per  square  inch ;  and  for  com- 
pre?sion  a  mean  rnpturing  striiin  of  225,568  lbs.  per  square 
inch. 

From  the  same  series  of  experiments  upon  bars  deflected 
under  moderate  trans vei^so  stmins  the  coenicient  or  modulus 
of  elasticity  deduced  was  31,00u,000  lbs.  per  square  inch. 

From  the  experiments  already  referred  to  by  Mr.  Kirki*ldy, 
the  f<»l lowing  general  conclusions  wore  arri%'ed  at:— 

1.  The  breaking  strain  of  eteel,  when  taken  alone,  gives  no 
clue  to  the  real  qualities  of  various  kinds  of  that  metal  (74). 

2.  The  contraction  of  area  at  fracture  of  specimens  of  steel 
must  be  ascertained  as  well  as  in  those  of  ir(»n  (74). 

3.  The  breixking  strain,  jointly  with  the  contraction  of 
area,  affords  the  means  of  comparing  the  peculiarity  in  various 
lots  of  specimens  (74,  75). 

4.  Some  descriptions  of  steel  ai^  found  to  be  very  liard, 
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ftudj  c<mBeqTienfcl J,  suitable  for  some  Trarposes,  whilst  otheit 
are  extremelv  soft,  and  equally  Buitable  for  other  uses  (74, 
75,78> 

5.  The  breaking  strain  and  contraction  of  area  oi puddled 
steel  plates,  a£  in  iron  plates,  are  greater  in  the  direction  in 
wliidi  they  are  rolled,  whereas  in  cast  steel  they  are  1^8  (74, 

6.  Steel  invariably  presents,  when  fractured  slowly,  a  dill^ 
fibrous  appearance* 

7.  When  fractured  suddenly  the  appearance  is  invariably 
granular,  in  which  case  the  fracture  is  always  at  right  angles 
to  the  length ;  when  the  fracture  is  fibrous,  the  angle  di- 
verges always  more  or  less  from  90". 

8.  Steel  which  previously  broke  with  a  silky  fibrous  ap- 
pearance is  changed  into  granular  by  being  hardened  (141), 

9.  Steel  is  reduced  in  strengtli  by  being  hardened  in  water, 
while  the  strength  is  vastly  increased  by  being  hardened  in 
oil  (161,  102, 164). 

10.  The  higher  steel  is  heated  (without,  of  course,  running 
the  risk  of  being  burned)  the  greater  is  the  increase  of  strength 
by  being  plunged  into  oil  (161, 16!2). 

11.  In  a  highly  converted  or  hard  steel  the  increase  in 
strength  and  in  hardness  is  greater  thaji  in  a  less  converted  or 
soft  steel  (161, 162), 

12.  Heated  steel,  by  bein^  plimged  into  oil  instead  of 
water,  is  not  only  considerably  hurdeiiedy  but  toughened  by 
the  treatment  (162). 

13.  Steel  plates  hardened  in  oil  and  joined  together  with 
rivets  are  fully  equal  in  strength  to  an  unjointed  soft  plate, 
or  the  loss  of  strengtli  by  riveting  is  more  than  countei^ 
balanced  by  the  increase  in  strength  by  hardening   in  oil 

14.  Steel  rivets  fully  larger  in  diameter  than  those  used  in 
riveting  mm  plates  of  the  same  thickness  being  found  to  be 
greatly  too  small  for  riveting  steel  plates,  the  probability  is 
suggested  that  the  proper  proportion  for  iron  rivets  is  not,  as 
generally  aseumed,  a  diameter  equal  to  the  thickness  of  the 
two  plates  to  be  ioiued  (163). 

15.  The  sheanng  strain  of  steel  rivets  is  found  to  be  about 
a  fourth  less  than  me  tensile  strain  (163). 

16.  The  welding  of  steel  bai-s,  owing  to  their  being  bo 
easily  burned  b}^  Blightly  overheating,  is  a  difficult  imd  uncer 
tain  operation  (1 81, 15). 

17.  The  most  highly  converted  steel  does  not,  as  eomc  maj 
iuppose,  possess  the  greatest  density  (196). 
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18.  In  caat  steel  the  deoaity  ig  mueh  greater  than  in  ptid- 
died  steel,  wliich  m  oven  less  than  in  some  of  the  superior  do 
6t*r[|>ti<>iia  of  wrciught  iron  (196), 

From  expeiinientB  made  bj  Major  Wade,  late  of  the  U.  S 
Ordnance  Uorjvg,  the  foUowuig  results  were  obtained  for  the 
cnishing  weights  of  east  iron  on  the  square  inch : — 

Kot  hardened. ...«.ll»8,&44tbs. 

Hardened  ;  low  temper ..• 85i,M4  *^ 

Hardened ;  meiin  temper. , . , ,••*,,..*  .SQl^dSS  ** 

Hurdcaed;  bigh  temper 873,508  " 

From  contracts  made  by  direction  of  Mr.  James  B.  Eads, 

chief  engineer  of  the  Ilfinois  and  St*  Louis  bridge,  at  St. 
Louis,  Missouri,  the  staves  of  the  archcB,  tlie  pins  and  plates 
are  to  be  of  tlie  crtunbU  cast  steel  of  commerce.  Tliose  parta 
subjected  to  eonipression  ai-e  to  withstand  60,000  pounds  on 
the  ficiuare  inch,  and  tIio€e  subjected  to  a  tensile  strain  40,000 
ponnas  on  the  soua^ro  inch  w^itliout  pernmnent  set,  and  all 
must  st-and  a  tensile  strain  of  100,000  pounds  on  the  square 
inch  without  fracture. 

The  modulus  of  elaatioi'ty  of  the  steel  not  to  be  le«8  tlmo 
36,000,000  pounda,  nor  more  than  30,000,000. 
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The  various  uses  to  which  copper  is  applied  in  construo- 
tlons,  render  a  knowledge  of  its  resistance  under  vai-ioua 
circumBtance«  a  matter  of  great  interest  to  the  engineer. 

376.  Reaistanoe  to  Tensile  Strain.  The  resistance  of  cast 
copper  on  the  square  inch,  from  the  experiments  of  Mr.  G. 
Rennie,  is  8.51  tons,  that  of  wrought  copper  reduced  per 
hammer  at  16.08  tons.  Copper  wure  is  stated  to  bear  27.30 
tons  on  the  square  inch.  From  the  exper  monts  made  under 
the  direction  of  the  J^mnMin  Institutif  already  cited,  tlie 
mean  strength  of  rolled  sheet  copper  is  stat^.^  at  14.35  tone 
per  square  inch. 

Sem^tanoe  to  Compressive  Strain,  Mr.  Eennie's  experi- 
mentfl  on  cubes  of  one-fourth  of  an  inch  on  the  edge,  give  foi 
the  crushing  weight  of  a  cube  of  cast  copper  7^318  lbs.,  and 
of  wrought  copper  6,440  lbs. 
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3T7.  Effects  of  Temperatiire  on  Tensile  Strength.— 
Tlie  experiments  already  cited  of  the  Franklin  Institute, 
show  that  the  difference  in  strength  at  the  lower  tempera- 
tures, as  hctween  60'^  and  ^O'',  13  scarcely  greater  than  what 
arises  from  irregularities  in  the  structure  of  the  metal  at 
ordinarj^  temperatures.  At  550**  Fahr.  copper  loses  ona- 
fmtrih  of  its  tenacity  at  ordinary  teraperatnres,  at  817**  pre- 
cisely one-half^  and  at  1000°  two'thiraa. 

Representing  the  results  of  experiments  by  a  curve  of 
which  the  ordi nates  represent  the  temperatures  above  32°,  and 
the  abscissas  the  diminutions  of  tenacity  arising  from  increase 
of  tempemtiirej  the  relations  between  the  two  will  be  thus 
exi pressed  :  the  squares  of  the  dimintUions  are  as  the  cubes 
of  the  temperatures. 


STBKNQTH    OF   OTHER  METAJ.S. 


378.  Mb.  Rennie  states  the  tenacity  of  cast  tin  at  2.11  bong 
per  square  inch ;  and  the  resistance  to  compression  of  a 
small  cube  of  i  of  an  inch  on  an  edge  at  966  Iba. 

In  the  same  experiments,  the  tenacity  of  oast  lead  is  stated 
at  0,81  tons  per  square  inch ;  and  the  resistance  of  a  small 
cube  of  same  size  as  in  preceding  pai*agraph  at  483  lbs. 

In  the  same  experiments,  the  tenacity  of  hard  gun-metal  is 
stated  at  16.23  tons ;  that  of  fine  yellow  brass  at  8.01  tons. 
The  resistance  to  ctnnpression  of  a  cube  of  brass  the  same  aa 
before  mentioned,  is  stated  at  10,301  lbs. 


UNEAR  OONTRAOTION    AITO    1QCPAK8I0N  OF  METALS    Am)    OTHEB 
MATERIALS   FROM  TEMPERATURE, 


379.  Coefflolents  of  Linear  Expansion.~The  change  of 
length  which  takes  place  in  a  bar  of  any  material  estimated 
in  fractional  narta  of  its  length  at  0°   Centigrade,  for  a 
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change  in  temperature  of  1*  Centigrado,  is  termed  the  ooeffi 
cietit  of  linear  e^pansion^  for  the  material  in  question. 

The  increase  in  length  for  other  changes  oi  temperatare 
than  1*^  is  given  by  the  following  formula  ;^ — 

in  which  L  is  the  length  at  0*^  C. :  N,  the  number  of  deCTeee 
above  0"^ ;  K,  the  coefficient  of  linear  expansion ;  and  7  the 
Increase  of  length  due  to  N  degrees  above  0**  C. 


Tiihle  of  Co^ffidenU  of  Linear  Es^ansion  for  1®  O* 
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C.  in  wrtiiiglit  iron  will  produce  a  strain  of  on©  ton  cf  2340 
lbs.  on  tfiu  fiCHiare  incli,  when  the  two  ends  of  the  bar 
tibiit  against  a  nxed  object. 


ADHESION   OF   IKON   SPrKBS   TO   TIMBER, 


380.  The  following  tables  and  results  are  taken  from  an 
article  by  Professor  Walter  TL  Joliiison,  published  in  the 
Jourmil  of  ifis  FrmikUn  LutUute^  Vol.  19,  1837,  giving  the 
details  of  experiments  made  by  him  on  spikes  of  vanons  rorraa 
driven  into  difFerent  kinds  of  timber. 

The  first  series  of  experiments  waa  made  with  Biirden*8 
plain  square  spike,  the  flanehed,  gr0(.)ved,  an<l  swell  spike,  and 
the  grooved  and  swelled  spike.  The  timber  was  seasoned 
Jersey  yellow  pine,  and  seaaoned  white  oak. 

From  these  experiments  it  resultSj  that  the  grooved  and 
fjwelled  form  is  about  5  per  cent,  less  advantageous  than  the 
plain,  in  yellow  pine,  ana  about  18^  per  cent  superior  to  the 
plain  in  oak.  The  advantage  of  seasoned  oak  over  the  eea- 
Boned  piuej  for  retaining  plain  spikes,  id  as  1  to  1,0,  and  for 
gn^ived  sfukes  as  1  to  2,37. 

The  second  series  of  experiments,  in  which  the  timber  was 
soaked  in  water  after  the  spikes  were  driven,  gave  the  follow- 
ing results  : — 

For  swelled  and  grooved  spikes,  the  order  of  retentiveness 
was:  1  locust;  2  white  oak;  3  hemlock;  4  unaeasoned  chest- 
nut ;  5  yellow  pine. 

For  gr<x)ved  spike  without  swell,  the  like  order  is :  1  un- 
seasoned chestnut ;  2  yellow  pine ;  3  hemlock. 

The  swelled  and  grcKived  spike  was,  in  all  cases,  found  to 
be  inferior  to  the  same  spike  with  the  swell  filed  ofF. 

The  third  series  of  exjierimeuta  gave  tlio  fallowing  results: 

Thurouglily  seasonei  oak  is  tmice^  and  thoroughly  seasoned 
locust  2 J  times  as  retentive  as  nnseas^ned  chestnut. 

The  forces  required  to  extract  spikes  am  more  nearly  pn> 
[)ortioual  to  the  breadths  than  to  either  the  thickness  or  t!ia 
weights  of  the  spikes.  And,  in  some  cases,  a  diminution  of 
thickne^  with  the  same  breadth  of  spike  afforded  a  gain  in 
retentivenesa. 
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"  In  the  softer  and  more  spongy  kinda  of  wood  tho  fibres, 
instead  of  being  forced  bade  longitudiiiallj  and  condeueed 
upon  tlieniselvefi,  are,  by  drivino;  a  tbick,  and  eepeeially  a 
rather  obtusely -pointed  spike,  folaed  in  masses  backward  and 
downward  bo  as  to  leave,  in  certain  parts,  the  faces  of  the 
grain  of  the  timber  in  contact  witJi  tlie  surface  of  tlie 
metal** 

"  Hence  it  appears  to  be  necessary,  in  order  to  obtain  the 
greatest  effect,  tliat  the  fibres  of  the  wood  should  press  tlie 
faces  as  nearly  as  possible  in  their  longitudinal  direction,  and 
with  equal  intensities  throughout  tlie  whole  length  of  the 
spike/' 

The  following  is  the  order  of  superiority  of  tlie  spikes  from 
that  of  the  ratio  of  their  weights  and  extracting  forces  respec- 
tively : — 

1.  Narrow  flat 7.049  ratio  of  weight  to  extracting  foroo, 

2.  wide  flat. 5.712  *♦ 

8.  Grooved  but  not  BweUed.  5.662  **  **  ** 

i.  Grooved  and  not  notched.  5.800  "  **  *' 

6.  Grooved  and  Bwelled 4.024  '*  *'  " 

6.  Burden*  patent , .  4.500  **  "  " 

7.  Sqaare  hammered 4,12^  **  "  " 

a  Plain oyliudrical 3.200  **  *'  ** 

*'  All  the  experiments  prove,  that  when  a  spike  is  once 
started  the  force  required  for  its  final  extinction  is  much  lesa 
than  that  which  produced  the  tij*st  raovement." 

"  When  a  bar  of  iron  is  spiked  upon  wood,  if  the  spike  be 
driven  until  the  bar  oonipresses  the  wtxxl  to  a  great  de^^ree, 
the  recoil  of  the  latter  may  become  so  great  as  to  start  back 
the  spike  for  a  short  distance  after  th^  last  blow  has  been 
given," 

342.  From  the  fourth  series  of  experiments  it  appears,  tliat 
the  spike  tapering  ^adually  towaras  the  cutting  edge  gives 
better  results  than  those  with  more  obtuse  ends. 

That  beyond  a  certain  limit  the  ratio  of  the  weight  of  the 
apike  to  the  extracting  force  begins  to  diminish ;  **  showing 
tnat  it  would  be  more  economical  to  increase  the  number 
rather  than  the  lengtli  of  the  spikes  for  producing  a  given 
effect.'' 

**  That  the  absolute  retaining  power  of  unseasoned  chestnut 
on  square  or  flat  spikes  of  from  two  to  four  inches  in  length 
is  a  little  more  than  800  lbs.  for  every  square  inch  of  tlieir 
two  faces  which  condense  longitudinally  tho  fibres  of  the 
timber." 
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OLAfiSinOATION. 

381,  ILajsoioiy  is  the  art  of  raisiDg  stractrtreB,  in  stone,,  brick, 
and  mortar. 

Masonry  is  elassified  either  from  the  nattire  of  the  ma^ 
terial,  as  ston^  musotiry^  brick  maMmry^  and  mt^edj  or  that 
which  is  composed  of  stone  and  brick ;  or  fi'om  the  manner  in 
which  the  material  is  prepared,  as  cut  stone  or  ashlur  nuisonry^ 
rubble'Stona  or  rough  7/iusonrf/f  and  hmnmered stofie  fnasonTy  ; 
or,  finally^  from  the  form  of  the  material,  as  regular  mason- 
ry ^  and  irregular  masonry. 


It 
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382*  Masonry  of  cut  stone,  when  carefully  made,  is  stronger 
and  more  sulid  tlian  that  of  any  other  class ;  hnt,  owing  to  me 
labor  required  in  dressing  or  preparing  the  stone,  it  is  also  the 
most  expensive.  It  is  therefore  mostly  restricted  to  those 
works  where  a  certain  areliitectnral  effect  is  to  be  produced 
by  the  regularity  of  the  moBses,  or  where  great  strength  is  in- 
dispensalne. 

383,  De&iitions.  Before  explaining  the  means  to  be  used 
to  obtain  the  greatest  strength  in  cut  st^jne,  it  will  be  neces- 
saiT  to  give  a  rew  definitions  to  render  the  subject  clearer. 

In  a  wall  of  masonry  the  XQmiface  is  usually  applied  to  tlie 
front  tjf  the  wall,  and  the  term  hack  tn  the  inside;  tlie  stone 
which  forms  the  front,  is  termed  the  facing  ;  that  of  the  back, 
tlie  backing;  and  the  interior,  the  ^V/vV^^,  If  the  fi*ont,  or 
back  of  the  wall,  has  a  imifurm  slope  frum  the  top  to  the  bot- 
tom, this  slope  is  termed  tlic  baiter^  or  htUlr* 

The  term  course  is  a{>plied  to  each  horizontal  layer  of  stone 
in  the  wall :  if  the  stuues  of  each  layer  are  of  equal  thieknesa 
tltroughiuit  it  is  tornied  regular  coursing;  if  tlie  thicknessei 
are  uuenual  the  tenn  randmn^  or  i/rregvl^ir  coursing^  is  ap 
plied.     The  divisions  between  the  stones,  in  the  courses,  are 
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termed  ihejairUs;  the  upper  surfaca  of  the  stones  of  each 
coarse  id  also  someUines  termed  the  bedj  or  build. 

The  arrangement  of  tlie  different  stones  of  each  oonrse,  or 
of  contiguous  courses,  is  termed  the  bond. 

384.  Requisites  of  Strength,  The  strength  of  a  mass  of 
cnt  stone  masonry  wilt  depend  on  the  size  of  the  blocks  in 
each  course,  on  the  accuracy 'of  the  dressing,  and  on  the  bond 
used. 

The  size  of  the  blocks  varies  with  the  kind  of  stone  and  the 
natui-e  of  the  quarry.  From  some  quarries  the  stone  may  be 
obtained  of  any  required  dimensions ;  otliers,  owing  to  some 
peculiarity  in  the  fonnation  of  the  stone,  furnish  otJy  blocks 
of  small  size.  Again,  the  strength  of  some  stones  is  so  great 
as  to  admit  of  their  being  used  in  bloi^ks  of  any  size,  without 
danger  to  the  stability  of  the  structure,  arising  from  their 
breSdng ;  others  can  be  used  only  with  safety  when  the  length, 
breadth,  and  thickness  of  the  block  bear  certain  relations  to 
ejich  other*  No  fixed  rule  can  be  laid  down  on  this  point ; 
that  usually  followed  by  buildci-s  is  to  make,  with  ordinary 
stone,  the  breadth  at  least  equal  to  the  thickness,  and  seldom 
greater  than  twice  this  dimension,  and  to  limit  the  length  to 
"watlun  three  times  the  thickness.  Wien  the  breadth  or  the 
length  is  considerable,  in  comparison  with  the  tliickness,  there 
is  oanger  that  the  block  may  break,  if  any  miequal  settling, 
or  unequal  pressure  should  lake  place*  As  to  the  absolute 
dimensions,  the  thickness  is  generally  not  less  than  one  foot, 
nor  greater  than  two  ;  stones  of  this  thickness,  with  the  rela- 
tive dimensions  just  laid  doAvn,  will  weigh  from  1000  to  8000 
?onnds,  allowing,  on  an  average,  160  pounds  to  the  cubic  foot. 
7lth  these  dimensions,  therefore,  the  weight  of  each  block 
will  require  a  very  considerable  power,  both  of  macliinery  and 
men,  to  set  it  on  its  bed. 

385.  For  the  coping  and  top  courses  of  a  wall  the  same 
objections  do  not  apply  as  to  excess  in  length :  but  this  excess 
may,  on  the  contrary,  prove  favorable ;  because  the  number 
\>{  top  joints  being  thus  diminished,  the  mass  beneath  the  co- 
ping will  be  better  protected,  being  exposed  only  at  the  joints, 
which  cannot  be  made  water-tight,  owing  to  the  mortar  being 
crushed  by  the  expansion  of  the  blocks  in  warm  weather,  ana, 
when  they  contract,  being  washed  out  bv  the  rain. 

386.  The  closeness  with  which  the  bkxiks  tit  i.s  dependent 
solely  on  the  accuracy  with  which  the  surfaces  in  contact 
aj-e  wrought  or  dremed  /  if  this  part  of  tJie  work  is  done  in  a 
ilovcnly  manner,  the  mass  will  not  only  present  open  joints 
frcm  any  inequality  in  the  settling ;  but,  from  the  courses  not 
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fitting  accurately  on  tlieir  bedsj  the  blocks  will  Ijo  liable  to 
cracli  fi-om  the  uneqnal  pressure  on  the  diffei^ut  points  of 
the  block. 

387.  Tlie  surfaces  (»f  one  set  of  loints  should,  as  a  prime 
condition,  bo  perpendicular  to  the  direction  uf  the  pressure : 
by  this  arrangement  there  will  be  no  tendency  in  any  of  the 
blocka  to  slip.  In  a  vertical  wall,  for  example,  the  pressure 
being  downward,  the  Burfaecs  of  one  set  of  joints,  wliich  are 
the  iteds,  must  lie  horizon  tah  The  svirfaces  of  the  other  set 
must  be  perpendicular  to  these,  and,  at  the  sanio  tinae,  perpen- 
dicular to  the  face,  or  to  the  back  of  the  wall,  acctrrdin^  to 
the  position  of  the  Btones  in  the  mass ;  two  essentia!  points 
will  thus  ho  attained, — tlie  angles  of  the  blocks,  at  the  top  and 
bottom  of  the  course,  and  at  the  face  or  back,  will  be  right 
angles,  and  the  block  will  therefore  be  as  strong  as  the  nature 
of  the  stone  will  admit.  The  principles  here  applied  to  a 
vertical  wall,  are  applicable  in  all  cases  whatever  may  be  the 
direction  of  the  pressure  and  the  form  of  the  exterior  sur- 
faces, whether  plane  or  curved- 

388,  A  modiiicatinn  of  this  principle,  however,  may  in  some 
cases  be  requisite,  arising  from  tlie  strength  of  the  stone.  It 
is  laid  down  as  a  rule,  drawn  from  tlie  experience  of  builders, 
that  no  stone- Wi>rk  witli  angles  less  than  CO"*  will  offer  sufli- 
cient  BtrenMh  and  durability  to  resist  accidents,  and  theefTecta 
of  the  weaOier.     If,  therefore,  the  batter  of  a  wall  should  be 

greater  than  60*',  which  is  about  7  perpendicular  to  4  base, 
IB  hori-ssontal  joints  (Fig.  17)  must  not  be  carried  out  in  the 
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Ftff.  17— ItcprcA^Dt*  tht  ikTrftngement  of  i 
abatting^  or  W&oto  jalatM  tut  vary  Ina 

A^  hkctt  of  thft  block. 

e,  dbow  joint, 

B,  btttferoHM  titook,  tMrmed  a  ntwM  atooe, 


swlth 


same  plane  to  the  face  or  back,  but  bo  broken  off  at  right 
angles  to  it,  6<^  as  to  form  a  small  abutting  joint  of  about  4 
inches  in  thickness*  As  tho  batter  of  %va!ls  is  seldom  so  great 
as  this,  except  in  some  cases  of  Bustaining  walls  for  the  side 
slopes  of  earthen  embankments,  this  modification  in  the  joints 
win  not  often  occur;  for,  in  a  greater  batter,  it  will  generally 
be  more  economical,  and  the  ctmst ruction  will  be  stronger,  to 
place  the  stones  of  the  exterior  in  offsets,  the  ext^erior  stone  of 
one  com'06  being  placed  within  the  exterior  one  of  the  course 
below  it,  BO  as  to  give  the  rerpiired  general  direction  of  the 
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batter.  The  aTraugement  with  offsets  has  the  further  adx^aii* 
fii^e  hi  it^  favor  of  not  allowing  the  rain  water  to  lodge  in  thi 
joint,  if  the  offset  be  slightly  bevelled  off. 

389,  Workmen,  nnless  narrowly  %varehed,  seldom  take  the 
pains  necessary  to  dress  the  beds  and  joints  accurately ;  on 
the  contrary,  to  obtain  what  are  termed  vi^jse  joints^  they  dress 
tlie  jtJints  with  accuracy  a  few  inches  oiJy  from  the  outwaixl 
siu-face,  and  then  clnp  away  the  stone  towards  the  back,  or 
tail  (Fig.  18)>  so  that,  when*  the  block  is  set,  it  will  be  in  con- 


I  ft  ■eotlon  of  ft  wftQ  In  wbkdi  tht 
^  k  of  cat  itoQo,  with  tho  tails  of  tho  faHoGia 
thinned  ofE,  nod  thft  bftoklng  of  mbbUt 
A,  aectian  oC  f  boki  block. 
B»  nil>b1o  boekL&g. 


l^ip'tfiafl^ 
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tact  with  the  adjacent  stones  only  thii3ughout  tliis  very  small 
extent  of  bearmg  surface.  This  practice  is  objectionable 
under  every  point  of  view ;  for,  in  the  first  place,  it  gives  an 
extent  of  bearing  surface,  which,  behig  generally  inadequate 
to  resist  the  pressure  thi-own  on  it,  causes  the  bLick  to  splinter 
off  at  tiie  joint ;  and  in  the  second  place,  to  give  the  block  its 
proper  set,  it  has  to  be  propped  beneath  l>y  small  bits  of  stone, 
or  wcxxlen  wedges,  an  operation  termed  pinniji/f-uj)^  or  under- 
pmmmjy  and  these  props,  causing  the  pressure  on  the  block 
to  be  thrown  on  a  few  points  of  the  lower  snrface,  instead  of 
being  equally  diffused  over  it,  expose  the  stone  to  crack. 

390.  w  hen  tlie  facing  is  of  cut  stone,  and  the  backing  of 
rubble,  the  methrid  of  thinning  off  the  block  may  be  allowed 
for  the  purpose  of  formincr  a  better  bond  between  the  rubble 
and  ashlar ;  but,  even  in  this  case,  the  block  should  be  dress- 
ed true  on  each  joint,  to  at  least  one  foot  back  fixim  the  face. 
If  there  exists  any  cause  which  would  give  a  tendency  to  an 
outward  thrust  from  the  back,  then  instead  of  thinning  off 
all  the  blocks  towards  the  tail  it  will  be  preferable  to  leave 
the  tails  of  some  thicker  than  the  parts  which  are  dressed. 

391,  Various  rnetliods  am  used  by  builders  for  the  bond  of 
cut  stone.  The  system  termed  headers  and  stret^^fters^  in 
which  the  vertical  joints  of  the  blocks  of  each  course  alter* 
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nate  witli  tlie  vertical  joints  of  the  courBCB  above  and  below 

it,  or,  ttii  i(  18  teniied,  hrtak  joints  witli  tlieiii,  is  the  moet  aim- 
pie,  aiid  offers,  in  most  cases,  all  ret^uisito  suliditj.     In  tbii 


Fitf ,  IS  U  A  Terticftt  MctScxn  of  tbo  bm  wmlla  owd  fat  pnfc 
ioeting  thv  bluffm  of  tba  Uliuida  In  Bovtott  U*rbar  «ib» 
poMd  to  the  a^-Uou  of  th*  wavcb. 

iL,  Stone  faciue  ^  btairy  block*  woU  fitted  wad  fti^wipia 

B,  Oonoreto  bod  uul  bftckliig* 

a  IVip  wall  well  baodid. 

0,  If  fttuml  toiU  bMk  of  ooiunti^ 


system  (Fig.  20),  the  blocks  of  each  conrse  are  laid  alter- 
nately with  tht^ir  greatest  and  least  dimensions  to  the  face  of 
the  wall ;  those  which  present  the  longest  dimensiou  along 
the  face  are  termed  stretchers ;  the  otners,  headers.    If  the 


1 1 ,«.  1 1 


n 
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FliQ'  90— Eepranenti  %n  d^vntloei  A,  end  t1«i 
n,  ftDd  plAa  0,  of  a  wall  Rmug^d  mIumIot 
and  ■trstchem, 

a,  Ktititcbttl* 

b,  kusttdm. 


licaclcr  rt-^aches  from  the  fneo  to  the  back  of  the  wall,  it  la 
teniied  a  through  *  if  it  only  reaches  pail  of  the  distance  it 
is  termed  a  binder.  The  vertical  johitB  of  one  course  are 
either  jnst  over  the  middle  of  the  bhjcks  of  the  next  course 
below,  or  else,  at  least  four  inclies  on  one  side  or  the  other  of 
the  vertical  joints  of  that  course;  and  the  headers  of  ona 
course  rest  as  nearly  as  practicable  on  the  middle  of  the 
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etretcherfi  of  the  course  beneath.  If  the  backiog  is  of  rahble, 
and  the  facing  of  cut  stone,  a  system  of  thn3iighs  or  bindeiB, 
similar  to  what  has  just  been  explained,  must  be  used. 

By  the  arrangement  here  describedj  the  facing  and  backing 
of  each  course  are  well  connected ;  and,  if  any  unequal  set^ 
tling  takes  place,  the  vertical  joints  cannot  open,  as  would  be 
the  case  were  they  in  a  continued  line  from  the  top  to  the 
bottom  of  the  mass ;  as  each  block  of  one  course  conhnes  the 
ends  of  the  two  blocks  on  which  it  rests  in  the  course 
beneath. 

392.  In  masses  of  cut  stone  exposed  to  \*iolent  shocks,  as 
those  of  which  light-houses,  and  sea-walls  in  very  exposed 
positions  are  formed,  the  blocks  of  each  course  requii*e  to  be 
not  only  very  tinnly  nnited  with  each  other,  but  also  with  the 
courses  above  and  below  them.  To  effect  this,  various  meang 
have  been  used.  The  beds  of  one  course  are  sometimes  ar- 
ranged with  projections  (Fig.  21)  which  fit  into  correspond- 
ing indentations  of  the  next  course.  Iron  cramps  in  the  form 
of  the  letter  S,  or  in  any  other  shape  that  will  answer  the 


J^^ 


^^ 


Tig.  SI— Bepnaenti 

plftn,  B,  hod  ptus 
apocttve  tWwh,  O 
ftnd  D,  of  two  of 
the  bloakaof  »  wiUl 
in  which  the  blodka 
ara  flttsd  wttli  in- 
dents and  oomaect^ 
ed  with  botta  and 
cnuuptof  meteL 


purpose  of  giving  thera  a  firm  hold  on  the  blocks,  are  let  into 
the  top  of  two  blocks  of  the  same  course  at  a  vertical  joint, 
and  are  firmly  set  with  melted  lead,  or  with  bolts,  so  as  to 
confine  the  two  blocks  together*  Holes  are,  in  some  cases, 
drilled  thmugh  several  com-ses,  and  the  blocks  of  these 
courses  are  connected  by  Btron|!f  iron  bolts  fitted  to  tlie  holes, 
Tho  most  noted  examples  of  these  methods  of  strengthen- 
ing the  bond  of  cut  stone,  are  to  be  found  in  the  works  of  tho 
Romans  which  have  been  preserved  to  our  time,  and  in  two 
celebrated  modem  strnctures,  the  Eddy-stone  and  BeU-rocl< 
light-houses  in  Great  Britain  (Fig.  22), 
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material,  and  the  stone  may  in  eonseqnence  be  materially  in- 
jnred  by  the  repeated  blows  of  the  workmaiL  In  hard  Btonei 
thi»  need  not  be  apprehended. 

Li  large  blocks  which  require  to  be  raised  by  machinery^  a 
hole,  of  the  shape  of  an  inverted  tmncated  wedge^  ia  cut  tc 
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Tiff.  W— BttycMWifti  m  pensMotlif 
▼Unr,  A,  of  ft  bloek  of  mom  with 
dnuiKhia  mnrnoA  ttut  cdfti  of  tli 

■and*  or  lQ»ott«d,  Hd  Iki  tBokOni 
Car  hMta^:  ate  a«  eonmon 
tnxA  Ifteli^  B,  irttH  i»  toddlnf , 

<x,  dmogbfit  vamul  sOgf  of  blo^ 

(>,  knottad  psrt  bccwvsi  dfsti^ta. 

c.  Iron  bolfit  wtth  «7«t  let  infioobltqn* 
bolaa  cut  la  Hie  Mock, 

d  %nd  e,  ctula  sad  rope  taMAUnff, 

«(,  A,  fid*  pliOM  of  tfee  iMria. 

o,  ooitre  plaov  of  letrta  vfth  vjv  tM^ 
■nadi  to  n  n  bjr «  txilt 

Pt  Iron  rlDg  for  attacblng  tocfeUng . 


receive  a  small  iron  instrtiment  termed  a  lewis  (Fig.  27),  to 
which  the  rope  is  attached  for  suspending  the  block  ;  or  else, 
two  holes  are  cut  obliquely  into  the  block  to  receive  bolta 
with  eyes  for  the  same  purpose. 

When  a  block  of  cut  stone  is  to  be  laid,  the  fii-et  jxiint  to  be 
attended  to  is  to  examine  the  diseasing,  which  is  done  by 
placing  the  block  on  its  bed,  and  seeing  that  the  joints  fit 
close,  and  the  face  is  in  its  pro[>er  plane*  If  it  be  found  t!mt 
the  fit  is  not  accurate,  the  inacciimcies  are  marked  and  the 
requisite  changes  mude.  The  bed  of  the  course  on  which 
the  block  is  to  be  laid  is  then  thoroughly  cleansed  from  dust, 
&o.,  and  well  nioietened,  a  bed  of  thin  mortar  is  laid  evenly 
over  it,  and  the  hlc»ck,  the  lower  surf  ace  of  which  is  lirs^ 
cleansed  and  moistened,  is  laid  on  the  mortar-l)ed,  and  well 
settled  by  striking  it  with  a  wooden  mallet.  When  the  block 
is  laid  againet  another  of  the  same  course,  the  joint  between 
them  ia  prepared  with  mortar  in  the  same  manner  as  thi 
bed 
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394.  With  good  inortar,  nibblQ  work,  when  carefully  exe* 
ctited,  poeseeeea  all  the  strength  and  durabilitj  required  in 
Btrxtctures  of  an  ordinary  character ;  and  it  is  mnch  less  ex- 
pensive than  cnt  stone. 

395.  The  stone  used  for  this  work  should  be  prepai'ed 
simply  by  knocking  off  all  the  sharp,  weak  angles  of  the 
block;  it  is  then  cleansed  from  dust,  &c.,  and  moistened, 
before  placing  it  on  its  bed.  This  bed  is  prepared  by  spread- 
ing over  the  top  of  the  lower  coni-se  an  ample  quantity  of 
gofid  ordinarv-tempered  mortar,  into  which  tlie  stone  is  firtnly 
embedded.  The  interstices  between  the  larger  maBses  of  stone 
are  filled  in  by  thrusting  small  f ragmen ts,  or  chippings  of 
stone,  into  the  mortar.  Finally,  the  whole  conrae  may  be 
carefully  grouted  before  another  is  commenced,  iu  order  to 
fill  up  any  voiiis  left  between  the  full  mortar  and  stone. 

396.  To  connect  the  parts  well  together,  and  to  strengthen 
the  weak  iwjiuts,  throughs  or  binders  should  be  Ui?^ed  in  all  the 
courses;  and  the  angles  sliould  be  constructed  of  cut  or  hara- 
mei-ed  stone.  In  heavy  walls  of  rabble  masonry,  the  precau- 
tion, moreover,  should  be  observed,  to  lay  the  stones  on  their 
quarry-hed ;  that  is,  to  give  them  the  same  position,  in  the 
mass  of  masonry,  that  they  had  in  the  quarry ;  as  stone  ia 
found  to  offer  moi*e  resistatice  to  pressure  iu  a  direction  per- 
pendicular to  the  quarry-bed  than  in  any  other.  The  direc- 
tions of  tlic  lamina  in  stmtitied  stones  show  the  position  of  the 
quarry-bed. 

397.  Hammered  stone,  or  dressed  rubble,  is  stone  ronghly 
fashioned  into  regular  masses  with  the  hamioer.  The  sanid 
precautions  must  he  taken  in  laying  this  kind  of  masonry  aa 
in  the  two  preceding. 


IV. 
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398.  With  good  brick  and  mortar,  this  masonry  offers  great 
strength  and  anrability,  arising  from  the  stixuig  adhesion  be- 
t>*'een  the  mortar  and  brick. 


184 


OlVll.  ENUtNKERlNi;. 


399.  The  l)OBd  iisotl  in  brick  work  is  vtTy  various,  depeiul 
ing  on  the  ehamcter  of  the  structure,  Tlie  itiost  usual  Kinda 
are  known  as  the  English  and  Fh-^fHsh.  The  tirst  conBista  in 
aiTunffiTTg  the  courses  aUeniately,  entirely  a8  headers  or 
Btretciierg,  tlie  bricka  through  tlie  ruiirse  l»rcakiiig  joiute.  In 
t!ie  eefiond  the  bricks  arc  laid  iis  headei^  and  strctchen^  in 
each  coui-se.  The  tiret  is  stated  to  give  a  stoutrei  lH>ud  than 
the  last;  the  brieka  of  which,  owing  to  Hjc  dimeiilty  of  \n*Q 
venting  eontiunons  joints,  either  m  tlie  same  <*i  different 
cotu^es,  are  liable  to  separate,  causing  the  tat^c  oi  the  l>ack  to 
bulge  outward  The  r  lemish  bond  presents  the  liner  arehi- 
teelnral  appearance,  and  is  therefore  preferred  for  the  fronts 
of  edifices. 

400-  Timber  and  iron  have  both  been  need  to  strengthen 
the  bond  of  brick  masntiry.  Among  the  most  remarkable  ex 
amples  of  their  uses  are  the  well,  faced  in  brick,  forming  an 
entrance  tcj  the  Thames  Tunnel,  the  celebrated  work  of  Mr» 
Brunei,  and  his  experimental  arch  of  brick,  a  description  of 
which  is  given  in  the  Oivil  Engine4^  and  Art^hit^et^s  Journal^ 
No.  6,  v(jL  L  In  both  these  stnictures  Mr*  Brunei  used  ]ian- 
tile  laths  and  hoop  iron,  in  the  iutenor  of  the  horizontal 
courses,  to  comieet  two  couti^Mious  comics  throughout  their 
length.  The  effieaev  of  this  method  has  been  further  fully 
tested  by  Mr.  I3rnuel,  iu  experimenis  made  on  the  resistance 
to  a  traurtvej-sal  stjain  of  a  brick  beam  bonded  with  hoop  iron, 


accounts  of  which,  and  of  oxperirnentfl  of  a  like  kind,  are 
_  ^  tcl  Pasloy  in  his  work  on  Lim 

Cements^  etc. 


given  by  Cokmcl 
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40L  The  mortar-bed  of  brick  may  be  either  of  ordinary  or 
thin-tempered  mortar;  the  last,  howoverj  is  the  best,  as  it 
makes  closer  joints,  and,  containing  more  water,  does  not  dry 
so  rapidly  as  the  other.  As  brick  hm  great  avidity  for  water, 
it  would  always  he  well  not  only  to  moisten  it  before  laying 
it»  but  to  allciw  it  to  soak  in  M'ater  several  houre  before  it  is 
used.  By  taking  this  precaution,  the  mortar  between  the 
jointj^  will  set  more  iinnly  tlian  when  it  imparts  its  wmter  to 
the  dry  brick,  wliich  it  frequently  dt>es  so  rapidly  as  to  i>3nder 
the  mortar  pulverulent  when  it  has  dried. 

402.  On  this  point  the  h^te  General  Totten,  Chief  of  Engin- 
eers, in  his  iiistructiona  for  building  brick  masonry,  observes: 
**  The  want  of  cohesion^'  between  tlie  brick  and  mortar,  in  the 
case  of  some  gun  practice  against  brick  embrasures,  **  was 
due  to  the  interp<^ition  of  dust,  scJinetimes  quite  free,  but 
more  generally  compfniing  a  layer  slightly  cohering  to  the 
bo<iy  of  the  bjnckg.    The  proceed  of  laying  must  be  to  cause 
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every  brick  to  be  thoroughly  soaked  in  water,  and  to  be  laid 
the  moment  it  ceases  to  drip.'* 

403.  Conoiete  Walla,  The  uae  of  hydraulic  concrete  for 
the  constructicjii  of  both  solid  and  hollow  walla  for  houses  has 
very  much  increased  within  a  few  years  ;  and  it  is  claoiued 
that  they  arf-  drier,  stronger,  and  cheaper  than  walls  of  brick 
of  equal  thickness. 

lu  some  of  the  cheaper  structures  of  this  class  put  up  in 
Paris,  the  concrete  was  composed  of  one  part  in  volume  of 
Portland  cement,  and  from  five  to  eight  parts  of  clean  screen- 
ed gravel  from  the  size  of  pearl  barley  tt»  that  of  peas ;  and  in 
some  cases  instead  of  gravel  what  is  known  as  brick  ballast, 
or  the  small  fragments  of  ordinary  brick  from  which  all  the 
fine  dust  is  screened  out,  is  used,  taking  eight  partes  cf  this  to 
one  of  Portland  cement 

404.  For  building  walls  of  concrete  where  a  scaffold  ia  not 
necessary  it  is  only  requisite  to  have  a  boxing  formed  of 
scantling  and  boards  of  the  width  of  the  wall  within,  between 
the  tw^o  sides  of  which  the  concrete  is  thrown  in  and  rammed, 

405.  For  solid  walls  requiring  a  scaffolding,  what  is  termed 
-ftlFs  bracket  ac^a^ffolding  is  used.     The  concrete  is  laid  with* 


¥\g.  S8  repfMBDti  •  TertlGftl  ieottoQ  of  tbs  boxing  far  Laji^ 
,_.  concrete  waUii* 

B,  Platfonn  mpporiod  bj  tirac1cct#  &nd  diuup  aorBfWS. 

C,  CjLlJid«r  for  tarmiag  dim  la  the  wall. 


in  the  boxing,  which  conaist  of  boards,  A,  held  togetlier  by 
clamp  screws,  5,  which  pass  throngh  hollow  iron  cones  placed 
between  the  sides  of  the  boxing,  \vhich,  within,  is  of  the  same 
tieight  and  width  as  the  layer  of  concrete  to  be  laid  at  a  time. 
When  the  layer  is  finished  the  boxing  is  taken  apart,  and  the 
holes  left  hv  the  cones  when  removed  are  used  for  secuT' 
ing  the  braclcetB  of  the  scaffolding,  which  consists  of  triangu- 
lar frames,  B,  eacli  formed  of  a  vertical  pin,  a  horizontal 
beam  to  support,  the  flooring,  and  an  inclined  strut  to  support 
die  outer  eiid  of  the  horizontal  beam.  The  flooring,  of  suffi- 
cient  width  for  the  workmen,  projects  beyond  the  wal  on  each 
side,  and  the  two  parts  without  and  within  ar«  held  togethei 
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bj^  clamp  Bcrewg  which  pass  throngh  the  holes  WLeD  cjlia- 
drieal  flues  are  to  be  left  within  the  body  of  tbo  wall,  a  cxlin- 
<ii*r  C,  with  n  liandle  to  it,  of  the  requisite  diameter,  ana  the 
leDgth  of  the  tliit-kness  of  the  layer,  m  placed  in  positioo,  and 
tlje  concrete  ramoied  well  around  it,  "VVTien  a  new  layer  ia 
tu  he  laid  the  cylinder  is  drawn  iip  from  the  one  finished. 
406*  For  const ru(.'ting  either  solid  or  hollow  walls,  an  ap- 

Eiratns  devised  by  Mr.  Clarke  of  New  Haven,  Conn.,  termed 
larke^s  adjuBtable  frame  for  concrete  building,  is  used.   This 


Us,  SflL  Tartlai]  msttoo  of  boxtntf  for  boOow  wkDi  of 

A,  DrudnK  oonflnlng  oonorota. 

B^  Horivmtsd  arm  «apportltig^  tbe  plraM  CI. 

D,  VertUsiU  niiTport  of  B, 

a^  Clamp  BcrowB  i^cmiltilixff  O,  O. 

ht  Board  uied  for  fbrmlnc  th«  roid  In  the  mXL 


ooniists  of  a  b<»xing  of  hoards,  A^  for  laying  the  concrete 
which  18  held  together  bv  frames,  each  corapofled  of  a  liori- 
zontal  piece,  B,  to  whicli  are  allixed  two  vertical  clamping 

1)ieces,  C,  the  interior  piece  being  movable  and  capable  or 
>eing  adjusted  by  screws,  the  two  pieces  being  held  together 
by  a  clamp  screw,  a  ;  the  frames  and  boxing  being  attached 
to  vertical  supportst,  D,  within  the  building,  in  which  holes 
are  arranged  at  stiitable  distances  to  admit  of  the  frame  be- 
ing placed  at  the  proper  height.  For  hollow  walls  a  wedge- 
shaped  board,  J,  two  mches  and  a  half  thick  at  its  broad  end, 
and  two  inches  on  the  other,  is  used.  This  board  has  rect- 
angular notches  of  the  width  of  a  brick,  and  placed  at  twenty 
inches  apart,  cut  Into  the  narrow  edge.  This  fonns  the  core 
for  the  hollow  portion  of  the  wall.  The  work  is  started  or 
continued  by  placing  tlie  bricks  iii  place  lengthwise  across  the 
hollow  so  as  to  tie  me  exterior  and  interior  portions  of  the 
wall  together.  The  core  is  then  placed  with  its  notches  fitting 
on  the  !)ricks,  and  secured  in  a  vertical  position,  the  corcrete 
is  tilled  in  on  each  side  between  the  sides  of  the  b  >xing. 
When  the  layer  is  finished  the  core  is  drawn  up. 
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For  furtlier  applicAtions  of  Coignst  Betan.  see  Pro/i  Ba^ 
nai*d^8  lieport  on  ths  Paris  E^odtian  f?/  1867,  and  Oei^, 
OHmar^s  Pa_per^  No.  19,  on  Betan  Agghmidre, 

407.  Uses  of  betoo  ag^g  lorn  ere  in  Hurope  and  else* 
^rhere.  The  most  irapoi-taiit  and  costly  work  that  hae  yet 
been  undertaken  m  this  material  is  a  section,  thirty -seven 
miles  in  length,  of  the  Vaniie  aqueduct,  for  supplying  water 
to  tJie  eity  of  Paris, 

This  aqnedtict,  which  tmverses  the  forest  of  Fontainebleau 
through  its  entire  lengthy  comprises  two  and  a  half  to  three 
miles  of  arches,  some  of  them  as  much  as  fifty  feet  in  height, 
and  eleven  miles  of  tnnnelB,  nearly  all  constrncted  of  the  mate- 
rial excavated,  the  impalpable  sand  of  marine  formation 
known  nnder  the  generic  name  of  Fontainebleau  sand.  It  in- 
clndes,  also,  eight  or  ten  bridges  of  large  span  (seventv-five  to 
one  hundred  and  twenty -five  feet)  for  the  bridging  oJ  rivera, 
canals,  and  highways. 

The  smaller  arches  are  full  centre,  and  are  generally  of  a 
uniform  span  of  39 ^^  feet,  with  a  thickness  at  the  crown  of 
15i  inclies.  Their  construction  was  carried  on  w^ithout  inter- 
ruption thi-oueh  the  winter  of  1868-'69  and  the  following 
summer,  and  tlie  character  of  the  work  was  not  affected  by 
either  extreme  of  temperature.  The  spandrels  are  carrieil 
up  in  open  W(^rk  to  the  level  of  the  crown,  aiid  uix>n  the 
ai^cadc  thus  pi-epared  the  aqueduct  pipe  is  moiddea  m  the 
same  material,  the  whole  becoming  firmly  knit  together  into 
a  perfect  monolith.  The  pipe  is  circular,  6^  feet  in  interior 
diameter,  with  a  thickness  of  9  inches  at  the  top,  and  12 
inches  at  the  side^,  at  the  water  sxirface.  Tlie  construction  of 
the  arches  is  carried  on  aljout  two  weeks  in  advance  of  work 
on  the  pipe,  and  the  centres  are  struck  about  a  week  later. 

Water  was  let  into  a  portion  of  tlus  pipe  in  the  spring  of 
1S69,  and  M.  Belgrand,  inspector-general  of  bridges  and 
highways,  and  director  of  drainage  and  sewers  of  the  city 
of  Paris,  certified  tliat  **M€  imperweahiUty  appeared  com- 
pleteJ' 

408,  Another  interesting  application  of  tliJfl  material  has 
been  made  in  tJie  constructioiK  completed  or  veiy  nearly  so,  of 
the  light-house  at  Port  Said,  Egypt.  It  will  be  one  hundred 
and  eighty  feet  high,  without  loiiits,  and  resting  upon  a  mon* 
olithic  block  of  b^ton,  containing  nearly  four  hundred  cubic 
yards. 

409.  Au  entire  Gothic  church,  with  its  foundations,  walls, 
and  steeple  in  a  single  piece,  has  been  built  of  this  materia] 
at  Vesinet,  near  Paris.    The  steeple  is  one  hundred  and 


188 


CIVIL   EKOINESRING* 


thirty  feet  hij^h,  and  BhowB  no  crackfl  or  othor  evideBcee  uf 

weakness. 

M.  Pallu,  the  founder,  certifies  that  **  during  the  two  year* 
confliiined  by  M.  Coigiiet  in  the  building  of  this  churdi,  the 
b^toti  ago:lomenS,  in  all  its  stages,  was  exposed  to  rain  and 
froet,  ana  that  it  has  perfectly  resisted  all  variations  of  tem- 
perature." 

The  entire  floor  of  the  chnrch  is  paved  with  the  same  ma- 
terial, in  a  variety  of  beautiful  designs,  and  with  an  agreeable 
contrast  of  colors. 

410.  In  constructing  the  municipal  barracks  of  Notre 
Dame,  Paris,  the  arched  ceilings  of  the  cellara  were  made 
of  this  b^ton,  each  arch  being  a  sint^le  mass*  The  spans 
varied  from  twenty-two  to  twenty-five  feet,  the  rise,  in 
in  all  cases,  being  one-tenth  the  span,  and  the  thickness  at 
the  crown  S.66  inches.  In  the  same  building  the  arched  ceil- 
ings of  the  three  stories  of  galleries,  one  above  the  other, 
facing  the  interior,  and  all  the  subterranean  drainage,  com- 

fjrising  nearly  six  hundred  yards  of  sewera,  are  also  mono- 
iths  of  beton. 

411.  Over  thirty-one  miles  of  the  Paris  sewers  had  been 
laid  in  this  luat^sria.  pnur  tu  Juntij  1869,  at  a  saving  of  20  per 
cent,,  on  the  lowest  estimated  cost,  in  any  other  kind  of 
masonry* 

The  composition  of  the  b^ton  was  as  follows  :^ 

Sand,  5  measures. 

Hydraulic  lime,  1  measure, 

Paris  cement  (said  to  he  as  good  as  Portland  cement),  ^ 
measure. 

412*  The  works  above  referred  to  were  "vn&ited  by  the 
writer  in  the  month  of  February,  1870,  and  these  statements 
are  based  upon  close  observation  and  personal  knowledge. 

Many  other  interesting  applications  of  this  material  were 
examined,  of  which  it  is  not  deemed  necessary  to  make  any 
special  mention,  except  that  in  combined  stability,  strength, 
beauty,  and  cheapness  they  far  surpass  the  best  results  that 
cotild  have  been  achieved  by  the  use  of  any  other  materials, 
whether  stone,  brick,  or  wood. 

In  the  numerous  and  varied  applications  which  have  been 
made  of  it  in  France,  it  has  received  the  most  emphatic  com* 
nrendatinne  from  the  goveniment  engineers  and  architects, 

413.  It«  superiority  to  Rosondale  cotifrete  for  ci>mmon 
work,  such  as  foundations,  the  backhigand  hearting  of  walK 
magazine  walls,  and  generally  for  all  masonry  protected  by 
^arth,  and  therefore  not  necessarily  reqiiirea  to  be  of  first 
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^V          Quality,  lies  in  its  poBBeesing  greater  strength  and  hardness  at            ^M 
^m           tiie  Bame  cost,  ana  consequently  in  its  being  proportionately            ^M 
^H        .    cheaper  when  reduced  to  the  same  strength  by  increasini?^       ^^B 
^B           tlie  proportion  of  sand*                                                                       ^^H 
^H              414.  Sea-water  is  nearly  as  good  as  fresh  water  for  mix-       ^^H 
^H           ing  Portland  cements,  but  injures  the  Rosendale  and  all           ^H 
^H           argillo-magncsian  cements  very  conBiderably*                                      ^H 
^H               415.  It  is  of  great  importance  that  the  incorporation  of  the            ^^ 
^H           lime  -with  the  cement  eliould  be  very  thorough,  in  order  to            ^M 
^H           insure  a  perfectly  homogeneous  mixture,  and  this  can  be  ob<            ^^ 
^H           tained  with  greater  certainty  by  triturating  the  two  together            ^H 
^H           into  a  thick,  viscous  paste  before  the  sand  is  added.     In  con-            ^M 
^H           ducting  extensive  operations  the  use  of  two  mills  of  different            ^M 
^H           sizes  would  perhaps  be  advantageous,  the  smaller  one  being           ^H 
^H           einployed  exclusively  in  the  preparation  of  the  matrix.                      ^H 
^H               The*  following  proportions  may  be  relied  upon  to  give            ^M 
^H           Coignet  b<$tons  of  good  average  quality : —                                          ^| 

1 

2 

8 

J 

^^H             Ggaz^e  ftnd  fine  eand,  by  measora  •••,*., 

e 
1 

1 

7 
1 
t 

^^1 

^^H              Portland  cement^  by  meauBure, .• 

^^H              Common  linie^powder^  by  meftsure 

^H               416.  For  foundations  and  other  plain  massive  work  not  ex-            ^H 
^H           jH^sed  to  view,  or  where  a  smooth  surface  is  not  specially  de-           ^M 
^H           sired,  a  liberal  amount  of  gravel  and  pebbles,  or  bn>ken  stone,            ^M 
^H           may  be  added  to  all  of  the  batons  of  the  above  table.                         ^H 
^H               The  following  proportions  will  answer  for  such  purposes : —           ^M 

1 

2 

^ 
i» 
1 

a 

'   J 

^^H              Coane  mid  fine  cand^  by  measars  .,..•■••.... 

1$ 
1 

7 
13 
1 
1 

1 

^^H              Gravel  aod  pebbles,  by  mea«are « ••,.    « ^ « 

^^H               Portland  cement^  b^  m dastire ....* *,•••• 

^^H              Ck>tiiTnon  lim^-powd^r^  by  meaauro.  ..•,,,«.*• 

^H                                                    Bee  Oeneral  OUmor^M  JteparL         ^^^M 

09  tMwn. 
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mnhedofiAs 
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be  MMm  tri  be  eneo^cw^  er  espoeed  :  sed  tie  eerfeea  should 
WB^oaly  be^nnmiel  fi»  dbe  leieiBeitcf  die  eferte  which  it  sxxs^ 
tBtfm  b^rafc wwefaiBg  iiKwiM  mmimU  die  Um  at  the  lied 
ee  fier  iiMia  is,  dttC  the  pevcioe  ctf  ibe  loO  between  ditt  p^ 
<9f  Teiiieeiifiw  eod  die  eweenl  edn  of  die  btte  ihell  be 

imt  Skmi  die  pfeentre  thn>wn 

•o  be  tekeo,  in  determining 

oteta  the  neti^e  of  tbeaab- 

le  be  lewd.    Tliis  mej  be  done, 

e  pft;  bat  where  the'tubeail  ia 

Bd  tbe  iCrncrafe  demmnds  extm- 

be  mede  with  the  took 


tofonndetionay 

>  ef  leQi  wbid  aie  inoomprettible,  or, 

HOC  to  effect  the  Btability 

I  Aem,  end  which,  at  the  Bame 

haifd  ffiie^ioii.    Solid  rock,  some 

,  bezd  dey  which  jieMa  only  to  the 
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^  wbidi  ere  incompreeaible^  but 

rm^piim  t»  hm  eaeAied  hienDj,  b>  prevent  them  horn  spread* 

inwonfe;    Plire  pswl  end  iead  beloDg  to  thia  daaa, 
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whiA  iMed  BH^  be  arranged  otdinary  ekj,  \he 
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(xnimion  earths,  ai^d  luaraby  eoilfi.  Some  of  thia  cla&s  are 
found  in  a  more  or  less  compact  state,  and  are  compressible 
only  to  a  certain  extent,  as  most  of  the  vaneties  of  clay  and 
common  earth ;  othere  are  foond  in  an  almost  fluid  state,  and 
yieldj  with  facility,  in  everj*  direction. 

4SU.  Foundations  on  Rock.— To  prepare  the  bed  for  a 
foundation  on  rock,  the  thickneaa  oi  tne  stratum  of  rock 
should  first  be  ascertained,  if  there  are  any  doubts  respecting 
it :  and  if  tliere  is  any  reason  to  Buppc^se  tljat  the  stratum  has 
not  sufficient  strength  to  bear  the  weight  of  the  structure,  it 
should  be  tested  by  a  trial  weight,  at  least  twice  as  great  aa 
the  one  it  will  have  to  bear  permanently.     The  rock  is  next 

f>roperly  prepared  to  receive  the  foundation  t?ourse8  by  level- 
ing ita  surface,  which  is  effected  by  breaking  dow^i  all  pro- 
jecting points,  and  filling  up  cavities,  either  with  rubble  ma- 
sonry or  with  l>eton ;  and  by  carefully  removing  any  portions 
of  the  upper  stratum  which  present  indications  of  having  been 
injiu^d  by  tlie  weather.  The  surface,  prepared  in  this  man- 
ner, should,  moreover,  be  perpendicular  to  the  direction  of  tlie 
pressure ;  if  this  is  vertical,  the  surface  should  be  horizontal, 
and  so  for  any  other  dii*ection  of  the  pressure.  Shoidd  tliere, 
however,  be  any  difficulty  in  so  arranging  the  surface  ad  to 
have  it  normal  to  the  resultant  of  the  pressure,  it  may  receive 
a  position  such  that  one  component  oi  the  i-esultant  shall  be 
pei'j>endicnlar  to  it,  and  the  otiier  parallel ;  the  latter  being 
counteracted  by  the  friction  and  adhesion  between  the  base 
of  the  bed  and  the  surface  of  the  rt>ck.  If,  owing  to  a  great 
declivity  of  the  surface,  the  whole  cannot  be  brought  to  the 
same  level,  the  rock  must  be  broken  into  steps,  in  order  that 
the  bottom  courses  of  the  foundation  throughout,  may  rest  on 
a  surface  perpendicular  to  the  direction  of  the  pressure.  If 
fissures  or  cavities  are  met  with,  of  so  great  an  extent  as  to 
render  the  filling  them  with  masonry  too  expensive,  an  arch 
must  then  be  foraied,  resting  on  the  two  sides  of  the  fissure, 
io  support  that  part  of  tlie  structure  above  it 

The  slaty  rocKS  require  moat  care  in  preparing  them  to  re- 
ceive a  foundation,  as  their  top  stratum  will  generally  be 
found  injured  to  a  greater  or  leas  depth  by  die  action  of  fixist, 

422.  Faundations  in  Stony  Ground.— In  stony  eartlis  and 
hard  clay,  the  bed  is  pi^epared  by  digging  a  trench  wide 
enough  to  receive  the  foundation,  and  deep  enough  to  reach 
#the  compact  soil  which  has  not  been  iujui*ed  by  the  action  of 
frost ;  a  trench  from  4  to  6  feet- will  generally  be  deep  enough 
for  this  purpose. 

42B.  In  compact  gravel  and  sand,  where  there  is  no  Mm 
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bility  to  lateral  yielding,  either  frc*m  the  action  of  rain  or  auy 
other  eaiiae,  the  l»ed  may  be  prepaix^  as  in  the  ea?e  of  stxj;  y 
^ai'tlie.  If  there  is  danger  from  lateral  yielding,  the  pait  k»u 
which  tlie  foundation  is  t^>  rest  raiiet  be  eecured  by  confining 
it  laterally  by  means  of  sheeting  piles,  or  in  any  other  way 
that  will  ofTer  huOieient  security. 

424.  Foundations  on  Sand.— In  laying  foundations  on 
firm  sand,  a  further  precaution  is  soinetiniea  resorted  to,  of 
placing  a  phttforni  on  the  bottom  of  the  trench,  for  the  pur- 
pose of  distributing  the  whole  weight  more  nnifi^rnily  over  it, 
This,  however,  seems  to  be  •nnnecessary ;  for  if  tlie  bottom 
coui-ses  of  the  masonry  are  well  settled  in  their  bed,  there  is 
no  good  reason  to  apprehend  any  unequal  settling  fr«»Tn  the 
effect  of  the  superincuinhent  weight :  whereas,  if  the  wlkxI  of 
the  platftjrm  should,  by  any  accident,  give  way,  it  would  leave 
a  part  of  the  foondation  witliout  any  suppc^rt. 

\Vlien  tlie  sand  under  the  bed  is  liable  to  injury  from 
springs  they  must  be  cut  off,  and  a  platform,  or,  still  better, 
an  area  <>f  bt^ton,  should  compose  the  bed,  and  this  sliould  be 
confined  on  all  sides  betw^een  walls  of  stone,  or  b^ton  snnk 
below  the  bottom  of  the  bed, 

426.  Precautions  against  Water. — ^If,  in  opening  a  trench 
in  sand,  water  is  found  at  a  sliglit  depth,  ana  in  such  quan- 
tity as  to  impede  the  labora  of  the  workmen,  and  the  trench 
cannot  be  kept  dry  by  the  use  of  pumps  or  setMjpa,  a  ro\?  oi 
sheeting  piles  must  !>e  dnven  on  each  side  of  the  space  occu- 
pied by  it,  sotoew!iat  below  the  bottom  of  tlie  bed,  the  sand 
on  the  outside  of  the  sheeting  piles  be  thrown  umU  and  it* 
place  filled  with  a  puddling  ol  clay,  to  form  a  water-tight  en- 
closure round  the  trench.  The  excavation  for  the  bed  is  then 
commenced  ;  but  if  it  be  found  that  the  water  still  makes 
rapidly  at  the  bottom,  oidy  a  small  portion  of  the  trench  must 
be  o|:»ened,  and  after  the  lower  courses  are  laid  in  this  por- 
tion, the  excavation  will  be  gradually  effected,  as  fast  aa  the 
workmen  can  execute  the  w^ork,  without  difliculty  fn>m  tlae 
water. 

426.  Foundations  in  Compreflsible  Soils.  Tlie  beds  of 
foundations  in  compressible  soils  require  peculiar  care,  parti- 
cularly  when  the  soil  is  not  homogeneous,  presenting  more 
resistance  to  pressure  in  one  point  than  in  another ;  for,  in 
that  case,  it  will  be  veiy  difficult  to  guard  against  imequal 
settling.  * 

421 .  In  ordinary  clay,  or  earth,  a  trench  is  dug  of  the  pro- 
per width,  and  deep  enough  to  reach  a  stmtnm  beyond  the 
actii>n  of  frost ;   the  bottom  of  the  trench  ie  then  levelled  off 
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to  receive  the  fouDdation,     This  may  be  laid  irr*mediately  on 

the  bottom,  or  else  upon  a  grilUige  and  jikitform.  In  the 
first  case,  the  stoncB  forming  the  lowest  coni'se  should  he 
firmly  settled  in  their  beds,  by  ranmaing  thern  >vith  a  very 
lieavj^  beetle.  In  tlie  second  a  timber  grating,  termed  a  gril- 
lage (Fig.  ZQ\  which  is  formed  of  a  CLUirse  of  heavy  lieama 
laid  lengthwise  in  the  trench,  and  connected  lirinly  by  cn^sa 
pieces  into  which  tliey  are  notcheri,  is  firmly  settled  in  the 
bed,  and  the  earth  is  solidly  packed  between  the  longitudinal 
and  cross  pieces ;  a  flooring  of  thick  planks,  termeo  a  plat> 
form,  ie  then  laid  on  the  grillage,  to  receive  the  lowest  counw* 


mg.  80  rciTTEBpntB  tbc  kmuigcrmeat  of  %  grUlage  mod  pUtf ora 
tttad  oo  p\\««. 
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c,  croflfl  pleoMk 

d,  capping-prleo& 
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of  the  foundation.  Tlie  object  of  the  grillage  and  platform 
18  to  diffuse  the  weight  more  uniformly  over  the  surface  of 
the  trench,  to  prevent  any  part  from  yielding, 

428.  Repealed  failures  in  grillages  and  platforms,  arising 
either  frctm  the  compression  of  the  woody  fibre  or  from  a 
transvei'sal  strain  occasionefl  by  the  subsoil  offering  an  unemial 
resistance,  have  impaired  confidence  in  their  efficacy.  En- 
rineers  now  prefer  beds  formed  of  an  area  of  beton,  as  offer- 
ing mom  security  than  any  bed  of  timber,  either  in  a  uni- 
fonnly  or  unequally  compressible  soil. 

42d.  The  preparation  of  an  area  of  bdton  for  the  bed  of  a 
foundation,  will  depend  on  the  circumstances  of  the  case.  In 
oi-dinary  cases  tlie  beton  is  thro%\m  into  the  ti-ench,  and  car©* 
fnlly  rammed  in  layers  of  G  or  9  inches,  until  the  mortar  col- 
lects  in  a  semi-fluid  state  on  the  t'>p  of  the  layer.  If  the 
base  of  the  bed  is  to  be  broader  than  the  top^  its  sides  must 
be  confined  by  boards  suitably  arranged  lor  tliis  pnri>ose. 
Wliencvcr  a  layer  is  left  incomplete  at  one  end,  and  another 
is  laid  upon  it,  an  offset  shouki  be  left  at  the  unfinished  ©x- 
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trernityj  for  tlie  purpose  of  connecting  the  twc  Isvera  mora 
iiniily  wlieii  the  work  on  the  uiitiiiiBhea  part  is  resumed. 

Cuii8ideni!)le  economy  may  be  effet!tea,  in  the  quantity  of 
iMiton  reqnired  for  the  bed,  by  usin^^  large  hl*>el(ist  of  etone 
whitjli  should  he  eo  distributed  throngliout  the  hiyer  that  the 
beetle  will  meet  witli  no  difficidty  in  settHng  the  b^ton  be- 
tvs^eeti  and  around  the  blot^ka. 

When  springs  rise  throngli  the  &oil  over  which  the  bdtcn  ih 
to  be  spread,  the  water  from  them  must  either  be  conveyed  oflF 
by  artiticittl  chaTJuek,  which  will  prevent  it  rising  through  the 
mass  of  beton  and  washing  out  the  lime;  or  elae  strong  cloth, 
prepared  so  as  to  be  impermeable  to  water,  may  be  laid  over 
the  gnrfa(*e  of  t!ie  soil  to  receive  the  bed  of  b^ton* 

The  artificial  channels  for  conveying  off  the  water  may  be 
formed  either  of  stone  blocks  with  semi-cylitidrical  channels 
cut  in  them,  or  of  serai-cylinders  of  iron,  or  tiles,  as  may  be 
most  convenient,  A  suftleient  number  of  these  channels 
should  be  formed  to  give  an  outlet  to  the  water  as  faat  as  il 
rises. 

An  im]>ermeable  cloth  may  be  formed  of  stout  canvas, 
prepared  wit!i  bitufninons  pitcn  and  a  drjTug  oil.  It  is  well 
to  have  the  cloth  doubled  on  each  side  with  ordinary  canvas 
to  prevent  accidents.  The  manner  of  settling  the  cloth  on 
the  surface  of  the  soil  must  depend  on  the  circumstances  of 
the' case. 

Each  of  the  foregoing  expedients  for  preventing  the  action 
of  springs  on  an  area  of  beton  has  been  tried  with  success. 
Wlien  artificial  ehaunels  are  used,  they  may  be  completely 
choked  subBequently,  by  injecting  into  thera  a  semi-fluid 
hydraulic  coment,  and  the  action  of  tlie  springs  be  thus  de- 
stroyed. 

foundation  beds  of  b^ton  are  frequently  made  without  ex* 
hausting  the  water  frou]  the  area  on  wliich  they  are  laid*  For 
this  purn<.)se  the  beton  is  thrown  in  layers  over  tlie  area,  by 
using  eitJier  a  wooden  conduit  reaching  nearly  to  the  position 
of  the  layer,  or  else  by  placing  the  bdton  (Fig.  31)  in  a  box 
by  which  it  is  lowered  to  the  position  of  the  layer,  and  from 
which  it  is  deposited  so  as  not  to  permit  the  water  to  separate 
tlie  lime  from  the  other  ingredients. 

A  conduit  for  immei-sing  hydraulic  concrete,  formed  of 
boiler  iruu,  has  been  used  on  some  of  our  public  works.  The 
body  of  it  h  cylindrical,  and  made  in  iectiinis  which  can  be 
reaoily  successively  fastened  on  or  detached  ;  the  bottom, 
having  the  fonn  oi  a  conical  frustmn,  is  fastened  to  the  low* 
est  section  of  the  body*     The  conduit  is  suspended  verticalljf 
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horn  a  movable  crane,  or  crab  engine,  by  a  Btrono;  pcrew,  by 
which  it  can  be  raised  or  lowered,  so  as  to  admit  tne  crmcrete 
to  escape  from  the  bodj  through  the  conical-shaped  end,  to 
be  spi-ead  and  compressed  by  the  movements  of  the  crane  and 
screw. 


Tig.  91  npn&enUt  itn  «nd 
riarw,  A^  at  n  t«mi^jUadvica\ 
btijE  for  lowt!dint  bAtoD  in 
WAt«r,  uid  B  thfl  iune  ritw  of 
the  box  when  opened  to  let  the 
b^ton  fftll  throngtl. 

o,  tun^  aroand  whloh  ttm 
hftlvM  of  tbe  boac  opea, 
„       a,  rope  tsckltng  for  loirtriiic 

It      boJL 

b^  ptn,  or  oaboh  to  fjuftan  thfl 
two  paru  tif  tbe  box. 

e^  oord  to  defMib  ttie  pibi  •li4 
open  tbe  box. 


Should  it  be  found  that  springs  boil  np  at  the  bottom,  it 
mnst  be  covered  with  an  impermeable  cloth. 

430.  Foundations  in  Marshy  Soils.  In  marshy  soile  the 
principal  difticnlty  consists  in  forming  a  bed  snfticiently  firm 
to  give  stability  to  the  etnicture,  owing  to  the  yielding  nature 
of  the  soil  in  all  directions. 

The  folk>wing  are  some  of  the  dispoeitioDs  that  have  been 
tried  with  success  in  this  case.  Short  piles  from  6  to  12  feet 
long,  and  from  6  to  9  inches  in  diameter,  are  driven  into  the 
Soil  as  close  together  as  they  can  be  crowded,  over  an  area 
considerably  greater  than  that  which  tlie  fltriicture  is  to  occu- 
py. The  heads  of  the  piles  are  accurately  brought  to  a  level 
to  receive  a  grillage  and  platform ;  or  else  a  layer  of  clay, 
from  4  to  6  feet  thick,  is  laid  over  the  area  thus  prepared  with 
piles,  and  is  either  solidly  rammed  in  layers  of  a  foot  thick, 
or  submitted  to  a  very  heavy  pressure  for  some  time  before 
commencing  the  foundations.  The  object  of  preparing  the 
bed  in  this  manner  is  to  give  the  upper  stratum  of  the  soil  all 
the  firmness  possible,  by  subjecting  it  to  a  6tK>ng  compression 
from  the  piles  ;  and  when  this  has  been  effectetf,  to  procure  a 
firm  bed  ror  the  lowest  conred  of  the  foundation  by  tlie  fibril- 
lage,  or  clav  bed ;  by  these  means  the  whole  pressure  will  be 
nnifonnly  distributed  thn^u^hout  the  entire  area.  This  case 
is  also  one  in  which  a  bed  of  bdton  would  replace,  with  great 
idvant-age,  either  the  one  of  clay,  or  the  grillaga 
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The  pnjTtfmm  to  wluch  tiie  stiort  oiles  are  applied  in  Ihif 
csiie  ii  different  from  Uie  object  to  oe  attained  nsnaUj  in  the 
ern^itoynient  <if  j»iU^  for  fonndatsf^na ;  which  la  to  transmit  the 
weight  of  the  »tractare  tliat  reati  on  the  piles,  to  a  firm  in- 
eoniprf^noible  mn\^  overlai'l  by  a  cfimpreseible  one,  that  doea 
not  offer  BTifticient  fimmesw  for  the  bM  of  the  fonndation. 

491«  Foundations  on  Piles.  When  a  firm  soil  is  overlaid 
bjone  of  a  comprencfible  chara^*ter,  and  its  distance  below  the 
anrface  ii  0uc)i  tiiat  it  can  be  reached  bj  piles  of  ordinary  di- 
meniiionii,  they  should  be  uftod  in  preference  to  any  other  plan, 
when  they  can  be  rendered  durable,  on  accoont  of  their 
e^umtnuy  and  the  Jiecnrity  ihef  afford. 

To  pronare  the  bed  to  reteive  the  foundations  in  this  case, 
»trr>ng  piles  are  driveti,  at  equal  distances  apart,  over  the  en- 
tiro  area  on  whi*ih  tlie  ^tnictare  is  to  rest.  These  piles  are 
driven  until  they  meet  with  a  firm  stratum  below  the  com- 

fireasible  one,  which  offers  sufficient  residtance  to  prevent  them 
rom  penetrating  farther. 

Pileft  are  generally  from  9  to  18  inches  in  diameter,  with  a 
length  not  nbovn  20  times  the  diameter,  in  order  that  they 
may  not  bend  under  the  stroke  of  the  ram.     They  are  pre* 

Smred  f*»r  driving  by  etripping  them  of  their  bark,  and  paring 
lown  the  knot^,  so  that  tiie  friction,  in  driving,  may  be  re- 
ducriMl  tm  much  as  [Miseible,  The  head  of  the  pile  is  nsually 
encircled  by  a  strong  hoop  of  wrought  iron,  to  prevent  tlie  pile 
from  being  split  by  the  action  of  the  ram.  The  foot  of  the 
jiiie  may  rticcive  a  s/we  formed  of  ordinary  boiler  iron,  well 
fitted  and  Bpiked  on;  or  a  cast -iron  shoe  of  a  auitable  form 
for  penetratitig  the  soil  may  be  cast  around  a  wrought-iron 
bolt,  l>y  rneann  of  which  it  is  fastened  to  the  pile. 


nMiboH " 


Inio  mH  lot  II  pile. 


fexli  gf  «  0Mt>lT0D  tbcw  aod  vroaghl^ 


482.  Screw  Piles.  In  localities  where  it  has  been  found  im- 
practicable to  resort  to  any  of  the  usual  means  of  foundations, 
US  on  HaTJ<lpij«,  or  on  beds  of  a  soft  conglomerate  formed 
of  «h«'lls,  clay,  and  the  oxide  of  iron,  such  as  are  found  on  our 
Honthemi  coasts,  iron  ecrew  piles  have  been  used  with  success 
particularly  for  liglit-honse  structures  of  iron. 
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These  pi.es  have  the  screws  of  different  fonns  according  to 
the  soil  they  are  to  be  used  ia.  The  point  being  little  or 
notliiog,  and  the  thread  of  the  screw  very  broad,  for  loose 
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Figa.  ^  84,  8&>    ElcnniliocM  of  wanw  pllei  for  loote,  llrm  uid  hud  or  took;  BDin  nupeotiTtlr. 
A,  n«wel;  B,  LlireMl  of  «»«w* 

soils  J  the  point  becoming  sharper  and  the  thread  of  the  screw 
more  narrow  as  the  soil  becomes  harder. 

Disk  Piles.    In  some  parts  of  India  this  species  of  pile  baa 
beea  advantageously  emplojed* 
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These  piles  are  made  hollow  of  iron,  and  have  a  circular 
disk  attached  to  the  foot,  A  hole  is  made  in  the  disk  to 
allow  water  to  pass  through. 

Pile  Engines.  A  machine,  termed  a.mle  engine^  is  used 
for  driving  piles.  It  consists  essentially  of  two  upriglita 
firmly  connected  at  top  by  a  cross  piet*e,  and  of  a  rcmhy  or 
fnoTikei/  of  cast  iron,  for  oriving  the  pile  by  a  force  of  per- 
cussion. Two  kinds  of  engines  are  in  use ;  the  one  termed  a 
erab  engine^  from  the  machinery  used  to  hoist  the  ram  to  the 
height  from  whicli  it  is  to  fall  on  the  pile ;  the  other  the  ring- 
ing ejuginej  from  the  monkey  being  raised  by  the  sudden  puU 
of  several  men  upon  a  rope,  by  wtich  the  ram  is  drawn  up  a 
few  feet  to  descend  on  the  pile. 

The  crab  engine  is  by  far  the  more  powerful  machine,  but 
>n  this  account  is  inapplicable  in  some  cases,  as  in  the  driving 
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of  casfriron  piles,  where  the  force  of  the  blow  might  destroy 
the  pile ;  also  in  long  slender  piles  it  may  cause  the  pile  to 
spring  so  much  as  to  prevent  it  from  entering  the  subsoiL 

The  stecmi,  jMe  drvver  is  but  a  modification  of  the  oral 
enffine. 


Flff.  Wreiireoeutoftfttaitatofttonflgtlwgiai 

powder  ptto  dzlTar. 
AX,gnid«k 

0,  ■oclcet  in  which  pLrton  I  fltt. 
D,   OMt-iton  oylmder    «nw*«^i»ii^My    powdac 
duunberB. 

F,  tockBt  to  fit  o&  head  of  pOai 

G,  pile. 

K,  pliuiger  of  nun. 

Lifarer  to  hold  nm  aft  vaj  polnfe  ea  11m 


Shaw's  fftmjpaioder  pile  dri/oer  consists  essentially  of  two 
uprights  or  guides,  between  which  are  placed  the  ram  and 

Eowder  chamber.  The  latter  consists  of  a  cast-iron  cylinder, 
aving  a  socket  in  its  lower  end,  and  a  powder  chamber  at 
the  upper.  The  ram  differs  from  that  m  ordinair  use  only 
by  having  a  plunger  made  to  fit  the  powder  chamber,  at  the 
bottom,  and  a  cylindrical  cavity  at  top,  extending  about  half 
way  down.  At  any  convenient  point  on  the  guides  is  placed 
a  piston  made  to  fit  into  the  ram,  to  take  the  place  of  an  air- 
cushion  in  taking  up  the  recoil,  in  case  the  charge  should  be 
too^reat 

W  ork  is  begun  by  placing  the  powder  chamber  on  top  of 
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the  pile  to  be  dri%^eiij  piittiiig  a  cartridge  in  tlie  chamber,  and 
allowing  the  mm  to  fall.  The  explosion  of  the  t-artndge 
throws  the  mm  up  and  drives  the  pile  down  proportionally. 
Another  cartridge  ia  lhr<»wn  in  and  the  operation  repeated. 
The  only  limit  to  the  rapidity  of  the  blows  is  the  size  of  the 
cartridges  and  the  rapiditj^  with  which  they  are  supplied. 


W\g,  88  rcT»««tit>  tl^  ofttMu  tot  diliiiig  toraw  ptkc  bj  hMuL 
i^  itiftft  of  pUtt. 

B,  UtTOW. 

0,  OlitMtJUl. 

Df  tApar  of  ah&ft  to  fit:  into  foetet  of  nazt  muctian  Above. 

1,  bolt  U^unUig  mxkH  oC  thAft  to  teper  of  lusxt  aeotlon  b» 


i*or  driving  ecrew-piles  a  capstan  is  fitted  to  the  head  of 
tJie  pile,  and  motion  commnnicated  to  the  pile  either  by  men 
taking  hold  of  the  eapetan  bars  and  walking  aroimd  with 
them,  or  by  attaching  an  endless  rope  or  chain  to  the  extremi- 
ties of  the  barn,  and  petting  it  in  motion  by  machinery. 

For  setting  disk -piles,  water  is  forced  down  through  the 
bole  in  the  disk,  and  produces  a  scour  from  under  the  pile 
which  gradually  sinks  to  its  place. 

The  n>annerV>f  driving  piles,  and  the  extent  to  w^hich  they 
may  be  forced  into  the  suosoil,  will  depend  on  local  circnm- 
Itances.  It  sometimes  happens  that  a  neavv  blow  will  effect 
leas  than  several  slighter  blows,  and  that  piles  after  an  inter- 
val l>etween  successiTe  volleys  of  blows  can  with  difficulty  be 
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Btartcd  at  first.  In  eoiiie  cases  the  pile  breaks  below  tlie  dor 
face,  and  ctnitiuiies  to  yield  to  the  nluws  by  the  fibres  oi  the 
low'er  extremity  being  criiahed.  These  difficulties  reqidre 
careful  atteiitiuu  on  the  part  ol  the  engineer.  Piles  tehinild 
be  driven  to  an  unyielding  substuh  Tiie  French  civil  engi- 
neer have,  htnvever,  adopted  a  rule  to  6tc>p  the  driving  when 
the  pile  has  arrived  at  ita  absolute  stfjj^jMigtiy  thia  being  niea- 
fiured  l>v  tlie  further  penetration  into  the  subsoil  ot  about 
/((ths  or  an  inch,  caused  by  a  volley  of  thirty  blows  from  a 
rain  of  800  lbs.,  falling  from  a  height  of  5  feet  at  each  blow* 

433.  If  the  head  of  a  pile  has  to  be  driven  below  the  level 
to  which  the  ram  descends,  another  pile,  termed  apuruJif  is 
used  for  the  purpose.  A  cast-imu  socket  of  a  suitable  form 
embraces  the  head  of  the  pile  and  the  foot  of  the  punch,  and 
tlie  effect  of  the  blow  is  thus  trajismitted  through  the  punch 
to  the  pile, 

434.  When  a  pile,  fmm  breaking  or  any  other  cause,  has 
Lo  be  di-awn  out,  it  is  done  by  using  a  king  beam  as  a  lever 
for  the  purpose ;  tlie  pile  being  attached  to  the  lever  by  a 
chain  or  rope,  suitably  adjusted. 

435.  The  number  of  j^iles  requii^ed  will  be  regulated  by 
the  weight  of  the  structure.  Where  the  piles  are  driven  to  a 
firm  snbstjil,  they  may  be  stibjected  to  a  working  strain  of 
lOOU  pounds  to  the  square  inch  of  cross  section  iit  top.  In 
the  eonti'ary  c;ise,  ana  where  the  resistance  offered  results 
mainly  from  tliat  of  frietiun  on  the  exterior  of  the  ])iles,  the 
workitjg^ strain  should  be  rednced  Ui  200  pounds  to  tlie  square 
inch.  The  least  distance  apart  at  which  the  piles  can  be 
driven  with  ease  is  about  3^  feet  between  their  centres.  If 
they  are  more  crowded  than  this,  they  niay  ft>rco  each  other 
up  Its  they  are  successively  driven.  When  this  is  found  to 
titlce  phipce,  the  driving  shuold  be  commenced  at  the  centre  of 
the  area,  and  the  pile  should  be  driven  with  the  butt  end 
downward. 

436.  From  experiments  carefully  made  in  France,  it  ap]>ear8 
tliat  piles  which  resist  only  in  virtue  of  the  friction  arising 
from  the  compression  of  the  soil,  cannot  be  subjected  with 
safety  to  a  load  greater  than  one-fifth  of  that  which  piles  of 
tlie  same  dimensions  will  safely  support  when  driven  into  a 
firm  soil, 

437.  After  the  piles  are  driven,  they  are  sawed  off  to  a 
level,  to  receive  a  grillage  and  platfonn  for  the  foundation. 
A  large  beam,  termed  a  capjnng^  is  first  placed  on  the  heads 
of  the  outside  row  of  piles,  to  which  it  is  fastened  by  means 
of  wtKxUui  pins,  ur  tre^-rvalh^  driven  into  an  auger hrJe  made 
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through  the  cap,  into  the  head  of  each  pile.  After  the  cap  is 
fitted,  lougituainal  beaiBSj  termed  strijig-pieceSy  are  laid 
leiigtliwise  on  the  heads  of  each  row,  and  rest  at  each  extrem- 
ity iHi  the  cap,  to  which  they  are  fastened  by  a  dove-tail  joint 
and  a  wooden  pin.  Another  series  of  beams,  termed  Gross- 
jneceSj  are  laid  cross^viBc  on  the  string-pieces,  over  the  heada 
of  DAch  row  of  piles.  The  cmss  and  string  pieces  are  con- 
nectcd  by  a  notch  cut  into  each,  so  that,  when  put  together, 
their  upper  surfacee  may  be  on  the  same  level,  and  they  are 
fastened  to  the  heads  of  the  piles  in  the  same  manner  as  the 
capping.  The  exti-emities  or  the  crc>sa-piece^  rest  on  the  cap- 
piiig,  and  are  connected  with  it  like  the  string-piece^. 

Tlie  platform  is  of  tliick  planks  laid  over  the  grillage,  with 
the  extremity  of  each  plank  resting  on  tlie  capping,  to  which, 
and  to  the  string  and  cross  pieces,  the  planks  are  lastened  by 
nails. 

The  capping  is  nsually  thicker  than  the  cross  and  string 
pieces  by  the  thickness  of  the  plank ;  w^heu  this  is  the  case,  a 
rabbet^  about  four  inches  wide,  must  be  made  on  the  inner 
edge  of  the  capping,  to  receive  the  ends  of  the  planks. 

438.  An  objection  is  made  to  the  platform  as  a  bed  for  the 
foundation,  owing  to  the  want  of  adhesion  between  wc*od  and 
mtu-tar;   fi*oin  which,  if  any   unequal  settling  should   take 

i>hice,  the  foundations  would  be  exposed  to  slide  off  the  plat- 
'orm.  To  obsiate  this,  it  has  been  proposed  to  replace  tlie 
grilUige  and  platform  by  a  layer  of  b^ton  resting  partly  on 
tlie  heads  of  tne  piles,  and  partly  on  the  soil  bet>veen  them. 
This  means  would  furnish  a  firm  bed  for  the  masonry  of  the 
foundations,  devoid  of  the  objections  made  to  the  one  of  tim- 
ber. 

To  court te!*act  any  tendency  to  sliding,  the  platform  may  be 
inclined  if  there  is  a  lateml  pressure,  as  in  the  case,  for  ex- 
ample, of  the  abutments  of  an  ai-cJi. 

459.  In  soils  of  alluvial  formation,  it  is  common  to  meet 
with  a  stratuni  of  clay  on  the  surface,  miderlaid  with  scjft 
mud^  in  which  ease  the  driving  of  sliort  piles  would  be  inju- 
rious, as  the  tenacity  of  the  stratnm  of  clay  "would  be  de- 
stroyed by  tlie  operaticjii.  It  would  be  better  not  to  distnrb 
the  upjier  stratum  in  this  case,  but  to  give  it  as  much  firmneeB 
as  possible,  by  ramming  it  with  a  heavy  beetle,  or  by  submit- 
ting it  to  a  heavy  pressure. 

The  piers  of  the  bridge  over  the  Seekonk  river  are  formed 
of  clusters  of  piles  driven  through  the  mnd  to  a  firm  subsoil. 

These  piles  are  of  hard  Southern  or  yellow  pine,  hewn  to 
twelve  or  fourte*^  inches  square,  according  to  the  size  of  the 
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twenty  mclies  in  the  others,  to  four  and  six  feet  below  tlie  top 
of  the  crust  The  cylinders  are  six  and  five  feet  in  diameter 
for  the  large  and  small  cliiBters,  and  the  void  space  left  be- 
tween tlieni  and  the  clusters  is  filled  in  with  goou  concrete. 

440.  Piles  and  sheeting  piles  of  cast  iron  have  been  used 
with  complete  snccess  in  England,  both  for  the  ordinary  pur- 
poses of  cofferdams,  and  for  permanent  structures  for  wharf- 
ing.  Tlie  piles  have  been  cast  of  a  variety  of  forms ;  in  some 
cases  they  have  been  cast  hollow  for  tlie  purpose  of  excavat- 
ing the  soil  within  the  pile  as  it  was  driven,  and  thus  facili- 
tate its  penetration  into  the  subsoiL  Fig*  40  repi^esents  a 
horiztjntal  section  of  one  of  the  more  recent  arrangements  of 
iron  piles  and  slieeting  piles. 


7]f.  41}  repratente  &  bioriaoaui  c^^x.o,,  ..i  Mi  ^ii^ikt,^ii,^,.i  U  pflM  mad  shfledog  pQm  «! 

out  imiii 
«,  ■taeedng  pUe  wftb  n  Up  «  to  ooTsr  the  joint  betweoi  tt  uid  ttw  Host  illwitfng  pOtu 
I*  pitoi  with  ft  ]»p  on  ettch  dite. 

i:,  aheetiiig  pUe  lapped  by  pUo  wad  ahwUng  pU«  next  It. 
t,  ftte  of  pQm  Mid  nkiieioaag  pilot, 

441.  Sand  has  also  been  used  with  advantage  to  form  a  bed 
for  foundations  in  a  very  compressible  soiL  For  this  purpose 
a  trench  is  (Fig.  41)  excavated,  and  filled  with  sand;  me  sand 
betuiz:  spread  in  layers  of  about  9  inches^  and  each  layer  being 
drmly  settled  by  a  heavy  beetle,  befoi'e  laying  the  next    U. 


Tig,  41  rvprtaenti  •  seotkm  of  m  mad  fooA 

dfttioT)  bed  and  the  nrnmcnaj  apofi  It. 
A^  amud  bed  la  ft  tjcskoh. 
B,  maaataj. 


water  should  make  rapidly  in  the  trench,  it  would  not  be 
practicable  to  pack  the  sand  in  layers.    Instead,  therefore,  of 
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Opening  a  trench,  holes  about  6  feet  deep,  and  6  inches  in 
diameter  (Fig.  43),  should  be  made  bj  means  of  a  short  pilei 
as  close  together  as  practicable ;  when  tlie  pile  is  withdmwii 
from  the  hole  it  is  immediately  filled  with  sand*  To  cause 
tho  sand  to  pack  firmly,  it  sliould  be  shghtly  moistened  before 
placing  it  in  the  holes  or  trencli* 


,-il 


1%.  4ft.— BeprMtnte  •  Motfon  ol  ft  tma^ 
tUUoa  bed  ttuulo  bj  fUUatf  Iwln  vttli 
•ftnd. 

A,  halM  fined  with  Miut 

Bk  QUMOiuy. 


Sand,  when  need  iu  tiiis  way,  possesses  the  valuable  pmp- 
erty  of  a^fiuniing  a  new  nositinn  of  equilibrium  and  stability, 
should  the  soil  on  wliicii  it  is  laid  yield  at  any  of  its  points. 
Not  only  does  this  titke  place  along  the  base  of  tho  Band  bed, 
but  also  along  the  ed^es,  or  sides,  when  these  are  euch>sed  by 
the  sides  (»f  the  treiicli  made  Ut  receive  the  bed.     This  last 

fK)int  offer's  also  some  additioUMl  security  against  yielding  in  a 
atenil  direction.  The  bed  of  sand  mnst,  in  all  cases,  receive 
sufficient  tliicknesa  to  cause  the  pressure  on  its  upper  surface 
to  be  distributed  over  the  entire  l>ase. 

442.  "Wlieu,  from  the  fluidity  of  the  soil,  tlia  vertical  pre-s* 
sure  of  the  structure  causes  tlie  soil  U\  rise  around  the  bed, 
this  action  may  be  counteracted  either  by  scooping  out  the 
soil  to  some  depth  around  the  bed  and  replacing  it  by  another 
of  a  more  compact  nature,  well  ramnird  in  layei-s,  or  with  any 
rubbish  of  a  soh\i  eliantcter ;  or  else  a  mass  of  loose  stone 
may  be  placed  over  the  surface  exterior  to  the  bed,  whenever 
the  character  of  tbe  strncture  will  warrant  tlie  expense, 

443.  Precautions  against  Lateral  Yielding.  The  soils 
which  have  been  termed  conipres8ibIe,  strictly  speaking,  yield 
only  by  the  displacement  of  their  particles  either  in  a  lateral 
direction,  or  u|)ward  around  the  structure  laid  upon  them. 
Where  tins  action  arises  from  the  effect  of  a  vertical  weight, 
uniformly  distributed  over  tho  base  of  the  bod^  the  prece(iu)g 
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metbods  for  giving  pennaTient  stability  to  BtmctDre  present 
all  requisite  security.  But  when  the  8tructui*e  is  subjected 
also  to  a  lateral  pressure,  as,  for  example^  that  whicli  would 
arise  from  the  action  of  a  bank  of  earth  resting  against  the 
baek  of  a  wall,  additional  means  of  security  are  demanded. 

One  of  the  most  obvious  expedients  in  this  case  is  to  drive 
a  row  of  strun;^  square  piles  in  juxtaposition  immediately  in 
contact  with  the  exterior  edges  of  the  bed.  This  expedient 
is,  however,  only  of  service  where  the  piles  attain  either  an 
incompres8il>!e  soil,  or  one  at  least  firmer  than  that  on  which 
the  bod  imniediateiy  rests.  For  otherwise,  as  is  i>bviou8,  the 
piles  only  serve  to  transmit  the  pressure  to  the  yielding  soil  in 
contact  with  them.  But  where  they  are  driven  into  a  lirra 
soil  beloWj,  they  gain  a  fixed  p^int  of  resistance,  and  the  only 
msecurity  they  offer  is  either  by  the  rupture  of  the  piles,  from 
the  cross  strain  upon  them,  or  from  tlie  yielding  of  the  firm 
subsoil,  from  the  same  cause. 

In  ca^  the  piles  reach  a  firm  subsoil,  it  wiU  be  best  to  scoop 
out  the  upiH2r  yielding  soil  before  driving  the  piles  and  to  fill 
in  between  ami  arnuia  them  with  loose  broken  stone  (Fig.  43). 
This  will  give  the  piles  greater  stiffness,  and  effectually  pre- 
vent them  from  spreading  at  top. 


p 


Tig.  4?{-*Repnsienti  tb«  muwer  of  QAtng 
looM  itone  to  muitBlii  pilet  ftod  prevent 
tbeia  from  jleldlnff  lirtermO;. 

A,  eeotimi  of  thcr  aaumaj, 

B,  loom  itotie  thrown  around  tlw  pOn^  a. 


When  the  piles  cannot  be  scctircd  by  attaining  a  firm  snb- 
ftoil,  it  will  be  better  to  drive  them  around  the  area  at  some 
distance  from  the  bed,  and,  as  a  further  precaution,  to  place 
horizontal  bnttresaes  of  masonry  at  regular  intervals  from  the 
bed  to  the  piles*  By  this  ari*angemeut  some  additional  secu- 
rity IB  gained  from  the  counter- pi-essure  of  the  soil  enclosed 


tetween  the  bed  and  the  wall  of  piles.  But  it  is  obviona  that 
unless  the  piles  in  this  case  are  ariven  into  a  firmer  soil  than 
that  on  which  the  atriictur©  rests,  there  will  still  be  danger  of 
yielding. 

In  imug  horizontal  buttresses,  the  stone  of  which  thej  ai^ 
constructed  shotild  be  dressed  with  cum;  their  extremities 
near  the  wall  of  piles  should  be  connected  by  horizontal 
archea  (Fig.  44),  to  distribute  the  pressure  more  rniifonuly; 
and  where  tliere  is  an  upward  pressure  of  the  soil  around  the 
structure,  arising  from  its  weight,  the  buttresses  ought  to  be 
in  the  fonn  of  revei-sed  arches. 

In  buttresses  of  this  kind,  as  likewise  in  broad  areas  resting 
on  a  very  yielding  soil,  mice  as  much  danger  is  to  be  appre- 
hended irom  their  breaking  h\  their  own  weight  as  from  any 
other  cause,  it  must  be  carefully  guarded  agaiTtst,  Sotnethin^ 
may  be  done  for  this  purpose  by  ranmiing  tlie  earth  amima 
the  structure  with  a  heavy  beetle,  wheti  it  can  be  made  more 
compact  by  this  means  ;  or  else  a  part  of  tlie  upper  soil  may 
be  removed,  and  be  renlaced  by  one  of  a  more  compact  nature 
which  may  be  rammea  in  layers. 


Ficr.  44  rBpfewcnta  thft  maimer  of  jt^vmil^ 
ln*r  a  luatatalikff  wall  from  yt^HillJiff  Ifttcr- 
ftUy  to  ft  thruit  behind  tt^  bf  tmlni;  hori- 
MOoUd  bnttrcaan  of  twanoit  mrviim  aIiqU 
ttng  ftgmiast  TertloU  oountoHBtrlMSi. 

A,  TentloAl  MOtloin  of  wnU,  tmttnuati,  voA 
ooanterorchoi. 

B,  plan  ot  waili  huttWilit  and  aoitoi«r- 
■nhw. 

a,  pdan  of  Will. 
b^  tocdoiioCdai 


The  following  methods,  where  they  can  be  resorfed  to,  and 
^nere  the  chamcter  of  the  structure  will  justify  the  expense, 
have  been  found  to  offer  the  best  security  in  the  case  in  quea^ 
tion. 

Whtsii  \ie  bed  can  be  buttressed  in  front  with  an  embank 
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nient,  a  low  csoiinter-wall  (Fig.  46)  may  bo  built  parallel  to 
tLo  edrre  of  the  bed,  and  some  10  or  13  feet  from  it ;  between 
this  wall  and  tlie  bed  a  reversed  arch  connecting  the  two  may 
be  built,  and  a  surcharge  of  earth  of  a  compact  character  and 
well  rammed,  ujay  be  placed  against  the  counter-wall  to  act 
by  itB  counter-pressure  against  the  lateral  pressure  upon  the 
bed. 

FIf '  4B  fcprBwciti  tbs  msA* 

ing  waU  tn  front  by  the  t^ 
tifiTi  of  m  otynQter-pnMRire  of 
«arth  tnttttmlttod  to  the  w»U 
by  «  reverwd  areb. 
a,  iection  of  iniM«lnlng  walL 
ft,  MNOttoD  of  sii0UiniiiB  wiill 

of  etDtankmctit,  4, 
C  section  of  reveraod  arctL 
«r,    lection    of    nnb«nkmi*nt 
frotn    which    coimter-pre*- 
ooro  oomeiu 
«,  mscdoa  of  smbftokziMnt  b*- 
hind  ■astalnlng  wmlJL 

When  the  bed  cannot  lie  buttressed  in  fmnt,  as  in  quay 
walb,  a  grillage  and  platfnrm  supported  on  piles  (Tig.  46) 
may  be  built  to  the  rear  from  the  bac^k  of  the  wall,  for  the 
pm-pose  of  supporting  the  embankment  against  the  back  of 
tlie  wall,  and  preventing  the  effect  which  its  oress'ire  on  the 
eub84>il  might  have  in  tln-usting  forward  the  beo  of  the  founda- 
tion. 

In  addition  to  these  raeans^  land  tics  of  iron  will  give  great 
addiHiajal  securitv,  when  a  fixed  point  in  rear  of  the  wall  can 
be  found  to  attach  them  firmly. 


t:/:j 


^tt^^-f 


^ 


W^,  4^  TvpTMtmt*  tlM  tDumar  of  r*- 
Uorltig^  a  BUBtalninir  w&U  firom  the 
lateral  Bdrtlon  canwd  by  the  pnnwcre 
of  an  embiuikmiiut  on  tbo  fnb«cil1  by 
mejLnH  of  a  platform  built  bohiod  tbff 
uraQ. 

A,  itcdoD  of  the  wan, 

Bf  aectjon  of  embankment. 

a,  pU««  lappcntlng  the  griUftg*  atid  plat- 
ronjiof  A, 

A,  loom  fltooe.  forming  a  flna  bed  laadef 
Ibe  platforms. 

e,  ptlct  mpportiLX  the  fiMfotzc  tf  behind 
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POUND ATIOK8   OF   fiTRUCTUKES   IN   WATER. 


444.  In  laying  foundations  in  water,  two  difficulties  Imvt 
to  be  overcome,  both  of  which  require  great  resonreee  a^d 
care  on  the  jiart  of  the  engineer.  The  fiiiat  is  found  in  ine 
means  to  be  need  in  preparing  the  bed  of  the  foniidation ; 
and  the  second  in  securing  the  bed  from  the  action  of  waier, 
to  insure  the  safety  of  the  foundatitnie.  The  last  is  generally 
the  more  dinicult  jjrnblcm  of  the  two ;  for  a  current  of  water 
will  gmdimlly  wear  away,  not  only  every  variety  of  loose  soils, 
but  also  tlie  more  tender  rocks,  such  as  mmt  varieties  of  sand- 
stone, and  tlie  ca!caro(Jii8  and  argillaceoug  rockSj  paiticiilarly 
when  thev  are  stmtitied,  or  are  of  a  loose  texture. 

445.  To  prepare  the  bed  of  a  foinidatlon  in  etiign ant  water 
the  only  dimculty  that  presents  itself  is  to  exclude  the  water 
fi*om  the  area  on  whicli  the  atrncture  is  to  i-est.  If  the  dejith 
of  water  is  not  over  4  feet,  this  is  dmiQ  by  8iirn:»niidiiig  the 
area  witli  an  ordinary  ^vater-tight  dam  of  clay,  or  of  Btmic 
other  binding  earth.  For  this  purpose,  a  shallow  trencli  k 
fomied  an>niid  the  area,  by  i-emoving  the  soft  or  loose  stratum 
on  the  bottom ;  tlie  foundation  of  tlie  dam  is  commenced  by 
filling  this  trench  with  the  clay,  and  the  dam  is  made  by 
spreading  snccessive  layers  of  cfay  about  one  foot  thifdx,  ana 
nressini^  each  laver  as  it  is  spread  to  render  it  more  compact. 
>Vlicn  the  dam  U  completoa,  the  water  is  pumped  out  from 
the  encrlosed  area,  and  the  bed  for  tlie  founaation  is  prepared 
as  on  dry  land. 

446.  w  hen  the  depth  of  stagnant  water  is  over  4  feet,  and 
in  running  water  of  any  deptJt,  the  ordinarj^  dam  must  be 
replaced  l>y  the  coffer-dam.  This  constrnction  consists  of 
two  rows  of  plank,  termed  s/teetifig  piks,  driven  into  the  soil 
vertically,  forming  thus  a  coifer-work,  between  which  clay  or 
binding  earth,  termed  the  puddling,  is  filled  in,  to  form  a 
water-tight  dam  to  exclude  the  water  from  the  area  enclosed. 

The  arrangement,  construction,  and  dimensions  of  coffer- 
dams deipcud  on  tlieir  suecitic  object,  the  depth  of  water,  and 
tlie  iiatm'c  of  the  subsoil  on  whid^  the  coffer-dam  rests* 

With  regard  to  the  first  point,  the  witlth  of  the  dam  be- 
tM'ec'U  the  sheeting  piles  should  be  so  regulated  as  to  sen^e  m 
a  scaffolding  for  ilie  machinery  and  materials  require  1  about 
the  work.    This  is  ]>eculiarly  requisite  where  the  coffer-dam  en- 
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eloees  an  isolated  position  i*emoved  from  the  shore.  The 
interior  apace  enclosed  by  the  dam  should  have  the  requisite 
capacity  xor  receiving  the  bed  of  the  foimdat ions,  and  such 
materials  and  machinery  as  may  be  required  within  the  dam. 

The  width  or  thickness  of  the  coner-dam,  by  which  is 
nnderstood  the  distance  between  the  sheeting  piles,  should  be 
Buflicient  not  only  to  be  impermeable  to  water,  but  to  form, 
by  the  weight  of  the  puddling,  in  combination  witli  the  resis- 
tance of  the  timber- work,  a  wail  of  sufficient  sti-ength  to  resist 
the  horizontal  pressure  of  the  water  on  the  exterior,  when  the 
interior  spac«  is  pumped  dry.  The  resistance  offered  by  the 
weight  of  the  puddling  to  the  pi^essnre  of  the  water  can  be 
easily  calculated ;  that  offered  by  the  timber-work  will  depend 
npon  the  manner  in  which  the  framing  is  arranged,  and  the 
means  taken  to  stay  or  buttress  the  dam  from  the  enclosed 
space. 

The  most  simple  and  the  usual  construction  of  a  coffer-dam 


^^   Vi!S)^i>t^ 


Fl||«  €t     1 01^1  BRf. I  itv  II  wo^ 

tka  of  tha  ortllnarjr  oof- 
Utr-dam. 

O,  mAlSLpIlBA. 

A,  wale  or  itrbv  pteoM. 

c,  cronpleoea. 

(f,  Xhootiiii;  ptIeiL 

G,  guide  n/ait^  pifiOM  fat 

A,  puddling, 

B,  interior  sp»o«k 


(Fig.  47)  consists  in  driving  a  row  of  ordinary  straight  piles 
arotind  the  area  to  be  enclosed,  placing  their  centre  lines  about 
4  feet  iifiunder.  A  second  row  is  driven  parallel  to  the  first, 
the  respective  piles  being  the  same  distance  apart ;  the  dis- 
tance l^etween  the  centre  lines  of  the  two  rows  being  so  regu- 
lated as  to  leave  the  requisite  thickness  between  the  sheeting 
piles  fnr  the  dam.  The  piles  of  each  row  are  connected  by  a 
(lorfxontal  beam  of  square  timber,  termed  a  string  or  male 
piece^  placed  a  foot  or  two  above  the  highest  water  line,  and 
U 
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notched  ami  Mtecl  to  each  pile.  The  sttitg  pieces  of  the 
inner  row  of  nilee  are  placed  on  the  side  next  to  the  urea 
enclosed,  and  tliose  of  tne  outer  row  ou  the  oiitsido.  Croas 
bcauis  of  square  tiniher  connect  the  string  pieces  of  the  two 
rows  upon  which  they  are  notched,  serving  h*>th  to  prevent 
the  i*ow8  of  piles  fixjni  spreading  from  the  pretisnre  that  may 
he  thrown  on  them  and  as  a  joistiiig  for  the  gcaftolding*  Oit 
the  opposite  sides  of  the  rows  interior  string  pieces  are  placed, 
ahout  the  same  level  with  the  exterior,  for  the  purpuse  of 
serving  both  as  guides  and  eiipports  fen-  the  Bheeting  piles. 
The  sheeting  piles  being  well  jointed  are  driven  in  jiLxtaposi 
tion,  and  againt^t  the  interior  string  pieces.  A  third  coui*ae 
of  string  or  ribbon  pieces  of  Bmaller  scantling  confine,  by 
jneans  of  large  spikes,  the  shoetiog  piles  against  the  interior 
string  pieces. 

As  has  been  stated,  the  thickness  of  the  dam  and  the  dimen- 
sions of  the  timber  of  wdiieh  the  coffer-work  is  made  will  de- 
pend uprtn  the  pre^nre  dne  to  the  head  of  water,  when  the 
interior  space  is  pnmped  dry.  For  extraordiTiary  depths,  the 
engineer  wonld  not  act  prudently  were  he  to  neglect  to  verify 
by  calculation  tlie  equilibrium  between  the  prcifSure  and  i*e- 
sistaneo;  but  ft>r  ordinary  deptha  under  10  leet,  a  rule  fol- 
lowed is  to  make  the  thicknegs  of  the  darn  10  feet;  and  for 
depths  over  10  feet  to  give  an  additional  thickness  of  ojie  foot 
for  ex^xj  additional  depth  of  three  feet.  Tliis  rule  will  give 
every  security  against  hltrations  through  tlie  body  of  the  oani, 
l»ut  it  niiglit  not  give  sufficient  strengUi  unless  tlic  scantling 
of  the  eoffer-work  were  suitably  increased  in  diinensions. 

In  very  deep  tidal  water,  coifer-tlams  have  been  made  in 
offsetB,  by  using  three  im:>w8  of  sheeting  jiiles  for  the  purp>ofle 
of  giving  greater  thickness  to  the  dam  below  tlic  low- water 
level.  Xn  such  cases  strong  square  piles  closely  jointed  and 
tongued  and  grooved,  should  be  usea  in  place  or  tlie  ordinary 
fiheeting  piles. 

Besides  providing  against  the  pressui-e  of  the  head  of  water, 
suitable  dimensions  nmst  be  given  to  the  sheeting  piles,  in 
order  that  thev  may  sustain  the  pressure  arising  fmm  the  pud- 
dling when  the  interior  space  is  emptied  oi  %vater*  This 
pi-essure  against  the  interior  sheeting  piles  rauy  bo  further 
increased  by  that  of  the  exterior  water  upon  the  exterior 
sheeting  piles,  should  the  pressure  of  the  hitter  be  greater 
than  the  lonner.  1\)  pro\  ide  more  securely  against  the  effect 
of  these  presstires,  intermediate  string  pieces  nuiy  be  placed 
against  the  interior  row  of  piles  before  the  sheeting  piles  ara 
driven ;  and  the  opposite  sides  of  the  dam  on  the  interior  may 
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be  bnttreesed  by  croes  pieces  reachinff  across  the  top  Btring 

Eiecefij  uDd  by  horizontal  beairiB  placed  at  intermediate  points 
etwetJii  the  top  and  l>ottora  of  the  dam. 
The  main  in  convenience  met  witli  lu  oofFer-darns  arisen 
ivoin  the  difficulty  of  preventing  leakage  under  the  dam.  In 
all  cases  the  piles  must  be  driven  int**  a  firm  stratiun,  and  the 
sheeting  piles  slionld  equally  have  a  firm  f<K>ting  in  a  tena 
cioue  compact  substratum.  When  an  excavation  is  reqnisite 
on  the  interior,  to  uncover  the  snljsoil  on  whidi  the  bed  of  the 
fonodation  ie  to  be  laid,  the  sheeting  piles  should  be  driven 
at  least  as  deep  as  this  point,  and  somewhat  below  it  if  the 
resistance  offered  to  the  driving  does  not  prevent  it. 

The  puddling  should  bi^  formed  of  a  mixture  of  tenacious 
clay  and  san<l^  as  this  mixtm-e  settles  better  than  pure  clay 
alone.  Before  placing  the  puddling,  all  the  soft  mud  and 
UM>se  soil  between  the  sheeting  i>ile8  should  l>e  earefnlly  ex* 
tracted;  the  puddling  should  ue  placed  in  and  compressed  in 
layers,  care  being  taken  to  agitata  the  wat«r  as  little  as  prac- 
ticable. 

With  requisite  ^are  coffer-dams  may  bo  used  for  founda- 
tions in  any  depth  of  water,  pi-oidded  a  water-tight  bottoming 
can  be  found  for  the  puddling.  Sandy  bottoms  offer  the 
greatest  difficulty  in  this  respect,  and  when  the  depth  of 
water  is  over  6  feet,  extraordinary  preeantions  are  requisite 
to  prevent  leakage  under  tlie  puddling. 

When  the  depth  of  water  is  over  H)  feet,  particularly  where 
the  bott<jm  is  composed  of  several  feet  of  soft  mud,  or  of  loose 
soil,  below  which  it  will  be  necessary  to  excavate  to  obtain  a 
firm  stratum  for  the  bed  of  the  foundaticm,  additional  precau- 
tions will  be  reqnisite  to  give  sufficient  support  to  the  interior 
sheeting  piles  against  the  pressure  of  the  puddling,  to  provide 
against  leakage  under  the  puddling,  ana  to  strengthen  the 
dam  against  tlie  pressure  of  the  exterior  water,  when  the  inte- 
rior space  is  pumped  dry  and  excavated.  The  best  means  for 
these  ends,  when  the  locality  will  admit  of  their  application, 
is  to  form  the  exterior  of  the  dam,  as  has  already  been  de- 
scribed, by  using  piles  and  sheeting  piles,  giving  to  the  latter 
additional  points  of  support,  by  intermediate  string  piece? 
between  the  one  at  top  and  the  bottom  of  the  wat-er ;  and  tu 
form  a  strong  framing  of  timber  for  a  support  to  the  interior 
sheeting  pile^,  giving  to  it  the  dimensions  of  the  area  to  be 
•enclosed.  The  framework  (Fig.  48}  mav  be  composed  of 
iipris^ht  square  beams,  placed  at  suitable  diBtauces  apart,  de- 
{>enaiug  on  the  strength  required,  upon  which  square  string 
pieces  are  bolted  at  suitable  distances  from  the  top  to  the 
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bottom,  tho  bott*4u  string  resting  on  the  surface  of  the  umd 
Tliu  string  pieces,  serviLg  as  supimrts  for  the  sheeting  piled, 
must  be  on  the  sides  of  the  uprights  towards  the  pudcilingi 
and  their  faces  in  the  same  vertical  plane.     Between  each 
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pair  of  opposite  uprights  horizontal  shoixss  may  be  placed  at 
the  points  uppoeite  tlie  poeitiou  of  the  string  piec'.es,  to  in- 
creaee  the  resistance  of  the  dam  to  the  pressure  of  the  water ; 
the  top  shores  extending  entirely  across  tho  dam,  and  being 
notched  on  the  top  atring  pieces.  The  interior  shores  must 
be  so  arranged  that  tliey  can  be  readily  taken  out  as  the  ma- 
sonry on  the  interior  is  built  up,  replacing  them  by  other 
shores  resting  against  the  masonry  itself. 

447.  Caisson  and  Crlb^wrork  Gofibr-dams.  In  the  cou- 
strnctlon  of  the  foundations  for  the  niers  and  abutments  of 
the  Victoria  tubular  iron  railroad  bridge  over  the  river  Saint 
La^vrence,  at  Montreal,  the  engineers  liad  to  contend  ^^ainst 
unusual  difficulties ;  in  a  rocky  Dt»ttom  covered  with  boulders, 
which  prevented  the  use  of  piles;  and  in  a  swift  current, 
bringing  down  in  the  spring  of  tlie  year  enormous  fields  oi 
ice,  the  effects  of  whicn  none  of  tho  ordinary  methods  of 
caisson  or  coffer-dams  could  have  witlistood. 

These  dithcultiea  were  snccessfully  mot,  in  some  cases  by 
the  use  of  a  large  water-tight  caisson,  shown  in  plan  (Fig.  49), 
tnd  in  cross-section  (Fig.  50),  of  such  a  form  and  dimensions 
as  to  leave  a  stiQicient  interior  area^  between  its  interior  sides, 
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for  a  cofFer-darn,  a^d  fcr  the  gTx^iind  to  be  occupied  for  the 

conBtmction  of  the  foimdations  of  the  pier.  In  others  (Fig 
51),  where,  from  the  vekKjity  of  the  current,  the  caissonsj 
from  their  great  bill k,  proved  immanageable,  by  enclosing  the 
area  to  be  occupied  by  crib-work,  sunK  upon  tlie  bottom  and 
heavily  laden  with  etone ;  and  exterior  to  this  forming  a 
second  similar  enclosure ;  and  then,  by  means  of  sheeting 
piles,  euppcirted  against  the  opposite  sides  of  these  two  ea- 
cloiuree,  forming  a  coffer-dam  between  them. 


u — n-^ — ._.^ — ^. 


Mj^f-Jw-Vvii.'- 


Fig.  49.    P1»Q  of  GKlmta. 
A,  A,  ddea  of  aalMOiL 


Dv  PUu  of  pi«ir  of  tartdga. 

The  caieaon  CFifif-  49J  consisted  of  two  parts,  the  two  sidea 
and  up-stream  wedge^haped  head,  and  a  rectangular-shaped 
portion  B,  which  fitted  in  between  the  two  sides,  forming  the 
down-stream  end,  and  which  could  be  detached  and  floated 
off  when  it  became  necessary  to  remove  the  entire  caisson. 

The  caisson  (Fig,  50)  was  flat-bott<:>med,  with  vertical  sides ; 
and  it  was  provided  with  a  stmng  flat  deck,  to  receive  the 
workshops,  machinery,  and  materials  for  pumping,  dredging, 
and  the  construction  of  tlie  masonry* 

When  placed  in  jjosition,  it  ^vas  moored  to  a  loaded,  sunken 
crib- work  up-stream;  and,  besides  the  exterior  t^uide-pilea, 
long  two-inch  ir<jn  bolts  were  inserted  into  hi>le&  drilled  into 
the  solid  rock,  tb  rough  vertical  holes  bored  throngh  the  piles. 
In  this  way,  throngli  the  bearing  of  the  piles  on  the  bottom, 
the  foiithold  given  by  the  bolts  and  the  mooring'tackle,  the 
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caisson,  when  sunk,  was  solidly  secured  againBt  accideiitfi  from 
j'aft^,  or  r>ther  floating  bodiefi. 
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¥\g,  60.  Crom^aeotidh  of  Ftg.  40. 
A\  CroMHH^etkiQ  of  caia*on. 


0\  OroMitcrttoa  of  poddtlnff  mnA  nbeMtlDr. 
D',  Foondstkn  c/mnm  at  |4«r. 


The  interior  sides  of  the  coffer-dam  were  strongly  bottrese 
ed  by  horizontal  beams,  to  wnthstaiid  the  pressure  of  the  water. 
These  beams  wei^e  removed,  and  tlieir  pkees  8uppb*ed  by 
shorter  buttresses  placed  between  the  sides  of  the  eoffer-darn 
and  pier  as  the  inmsonry  was  carried  np. 

The  cribwork  darns  were  constructed  of  a  niiraber  of  cribs, 
each  about  forty  feet  in  length,  which  were  placed  end  to  end 
to  form  the  sides  of  the  encloBures,  and  etroTigly  connected 
with  each  other.  Some  of  these  were  constructed  on  shore, 
and  towed  1o  their  positions.  Some  were  constructed  in  the 
water  behind  iiuM>ring  cribs,  and  othoi^s  npon  the  ice  during 
the  winter,  and  ounk  in  position. 

A  fltM*ring  (Fig.  51)  was  made,  abont  midway  between  the 
Um  and  bottom  of  the  cril^s,  to  receive  the  blocks  of  stone  with 
which  the  cribs  wei"e  loaded,  to  secure  them  from  the  effects 
of  the  pi^essnre  of  the  ice  iii  its  spring  movement,  and  the 
collision  of  iloating  bodies. 

I'he  caissons  were  not  of  adequate  strength  to  resist  the 
cmah  of  tlie  iec,  and  had  to  be  pumped  out  and  remc  ed  to  a 
secure  position  before  the  closing  of  tlie  river.  The  cribs 
were  planked  )ver  at  (op,  and  remained  in  place  as  long  as  iw 
quired  for  the  work. 

448.  When  the  bed  of  a  river  presents  a  rocky  S'lrface,  oi 
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rotik  covered  ^vith  but  a  tew  feet  of  mud,  or  loose  soil,  cases 

mav  occur  in  whidi  it  will  be  more  economical  and  equallj 
safe  to  lay  a  bed  of  beton  without  exhausting  the  Water  from 
the  area  to  be  built  on  ;  enclosing  tlie  area,  before  throwing 
ia  tlie  b^ton,  by  a  simple  coffer-work  formed  of  a  strc^Dg 
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Fig.  M.  Crawnetioii  of  oribwork  dmzii. 
JL  Dutcrior  odb^ 


C3^  Poddllnjr  *Qd  tlbeedn^  pOea 


framework  of  nprights  and  horizontal  beams  and  sheetinf]; 
piles.  The  framework  (Fig.  32)  in  this  case  is  comptjsed  of 
TiprightB  connected  by  string  pieuea  m  pail's;  each  pair  is 
notehed  and  bolted  to  the  uprif^hte,  a  suffi(*ient  interval  being 
left  between  them  f(>r  the  insertion  of  the  sheeting  pilea.  To 
eecure  the  framework  to  the  rock,  it  may  be  requisite  to  drill 
boles  in  the  rock  to  receiv^e  the  foot  of  each  upright.  The 
holes  may  be  drilled  by  means  of  a  long  iron  bar,"termed  a 
jumper^  which  is  used  for  this  purpose,  or  else  the  ordinary 
dinnc^'bcll  may  be  empUjyed.  This  machine  is  very  service- 
able in  all  similar  constructions  where  an  examination  of 
work  under  water  is  requisite,  or  in  cases  where  it  ia  neces- 
sary to  lay  masonry  under  water.  The  framework  is  put 
together  on  land,  floated  to  its  position,  and  settled  upon  the 
rock ;  the  sheeting  piles  are  then  driven  into  close  contact 
with  the  surface  of  the  rock. 

449.  The  convenience  and  economy  resulting  from  the  use 
of  b^ton  for  the  beds  of  structures  raised  in  water  have  led 
General  Treussart  to  propose  a  plan  for  laying  beds  of  thia 
material,  and  then  to  take  advantage  of  tlieir  strength  ami 
impermeability  to  construct  a  coffer-dam  upon  them,  in  older 
to  carry  on  the  superstructure  with  more  care.  To  effect 
this,  the  space  to  be  occupied  by  the  bed  (Fig*  53)  is  first  eii- 
cloded  by  square  piles,  driven  in  juxtaposition  and  secured  at 
top  by  a  string  piece.  The  mud  and  loose  soil  are  then 
§eoo])ed  from  the  enclosed  area  to  the  firm  soil  on  which  the 
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bed  of  Wton  is  to  be  laid.  The  bed  of  b<Ston  is  next  laid 
with  the  usual  precautions,  and  while  it  is  still  soft  a  second 
row  of  square  piles  is  driven  into  it,  ako  in  juxtaposition,  and 
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at  a  suitable  distance  from  the  firet  for  the  thickness  of  the 
dam  ;  these  are  also  secured  at  top  by  a  string  piece,  Oosa 
pieces  are  notched  upon  the  string  pieces,  to  secure  the  rows  of 
piles  and  form  a  scaffolding.  An  ordinary  puddling  is  placed 
in  between  the  rows  of  piles,  and  the  interior  space  is  pumped 
dry. 

Should  the  soil  under  the  bed  of  b<5ton  be  permeable,  the 
pressure  of  the  water  on  the  base  of  the  bed  may  be  sofficient 
to  raise  the  bed  and  the  dam  upon  it,  when  the  water  is  taken 
from  the  interior  space.  A  proper  calculation  will  show 
whether  thiB  danger  is  to  be  apprehended^  and  should  it  h^ 
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ft  provisional  weight  mitst  be  pluoed  on  tlie  dam,  or  tlie  bed 
of  Wton,  before  exliaiisting  the  interior. 
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4B0.  When  the  depth  of  water  is  great,  or  when,  from  tlie 

permeability  of  the  soil  at  the  bottom,  it  is  difficult  to  pre- 
vent leakage,  a  coffer-dam  may  be  a  less  economical  metliod 
of  laying  foinidations  than  the  caisson.  The  caismn  (fig.  54.) 
is  a  strong  water-tight  vessel  having  a  hottoni  of  solid  neav7 
timber,  arid  vertical  sides  so  arranged  that  they  can  be  readi- 
ly detached  fi-oni  the  bottom.  The  following  is  the  usual 
arraiigement  of  the  caisson,  itj  like  the  coffer-diim,  being  sub- 
ject to  changes  to  snit  it  to  the  locality.  The  bottom  of  the 
caision,  serving  as  a  platfonn  for  tlie  foundation  course  of 
the  masonry,  is  made  level  and  of  heavy  timber  laid  in  juxta- 
position, the  ends  of  the  beams  being  confined  by  tenon^  and 
screw-bolts  to  longitudinal  capping  pieces  of  larger  dimen- 
sions. The  sides  of  the  box  are  usually  vertical.  The  sides 
are  formed  of  upright  pieces  of  scantling  covered  with  thick 
plank,  tbe  seam&  Iteing  carefidly  calked  to  make  the  caisson 
water-tight.  The  lower  ends  of  the  uprights  are  inserted 
into  ehalhjw  mortises  made  in  tiie  capping.  The  arrange* 
meut  for  detaching  the  sides  is  effected  In  the  following 
manner:  Strong  hrioks  of  wmnght  ii-on  are  fixed  to  the  bot- 
tom ni  the  caifistJU  at  the  sides  of  the  capping  piece,  ooitg- 
fijK>nding  to  the  pointa  where  the  uprights  of  the  aides  are  in 
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verted  into  this  piece.  Pieces  of  strong  scantling  arc  laid 
a*^'''osa  the  top  of  tbo  caisson,  resting  on  the  opposite  uprighlJi. 
upon  which  they  are  notched.  Tnese  cross  pieces  prtjjcct 
beyond  the  sides^  and  the  projecting  parts  are  perforated  by 
an  aiiger-hole,  large  enotigu  to  receive  a  bolt  of  two  inches  in 
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diamoten  The  obiect  of  these  crcBS  piecea  is  twofold  ;  the 
first  is  to  buttress  tne  sides  of  the  caisson  at  top  against  the 
exterior  pressure  of  the  water;  and  tlie  second  is  to  serve  as 
a  point  of  support  for  a  long  bolt^  or  rod  of  iron,  with  an  eye 
at  the  lower  end,  into  which  the  hook  on  the  capping  piece  is 
inserted,  and  a  screw  at  top,  to  which  a  nut  or  female  screw 
13  fitted,  and  which,  resting  on  the  cross  pieces  as  a  point  of 
support,  draws  tlie  lx>lt  tight,  and,  in  that  way,  attaiuies  the 
siaes  and  bottom  of  t!ie  ciiisson  firmly  together. 

A  bod  is  prepared  to  receive  the  bottom  of  the  caisson,  by 
levelling  the  soil  on  which  the  stroi^ture  is  to  rest,  if  it  be  of 
a  suitable  character  to  receive  directly  the  foundation ,  or  by 
driving  large  piles  through  the  upper  compressible  strata  o( 
the  soil  t<»  the  firm  stratum  beneath.  The  heads  of  the  piles 
are  sawed  oCon  a  level  to  receive  the  !)Ottom  of  the  caisson. 

To  settle  the  caisson  on  its  bed,  it  is  floated  to  and  moored 
fU'er  it;  and  the  masimry  of  the  structure  is  commenced  and 
earried  upj  until  the  weight  grounds  the  caisson.  The  caisson 
dionld  be  so  contrived,  that  it  can  be  grounded,  and  after- 
wards raised,  in  case  that  the  bed  is  found  not  to  be  accurately 
levelld  To  effect  this,  a  small  sliding  gate  should  be  placed 
in  tlie  side  of  the  caisaonj  for  the  purpose  of  filling  it  with 
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water  at  pleasure.  By  means  of  thii^i  gate,  the  caisson  ca!i  be 
filled  and  grounded,  and  by  closing  the  gate  and  pumping  out 
the  water,  it  can  be  eet  afloat. 

After  the  cais&on  is  settled  on  its  bed,  and  the  masonry  of 
the  grriK*tui-e  is  raised  above  the  surface  of  the  water,  the  sidefl 
are  detached  by  first  nnserewing  the  nuts  and  detachings  the 
rods  and  then  taking  oflE  the  top  cross  pieces.  By  first  flliug 
the  caisson  with  water,  this  opemtinn  of  detaching  the  sidea 
can  be  mure  easily  performed. 

451.  To  adjust  the  piles  before  they  are  driven,  and  to  pre- 
vent them  from  spread uig  outwajd  by  the  operation  of  driving, 
a  etn>ng  grating  of  heavy  timlier,  formed  hy  notching  cross 
and  longitudinal  pieces  on  each  other,  and  fastening  them 
firmly  together,  may  be  resorted  to.  This  grating  is  arranged 
in  a  sinn'lar  manner  to  a  grillage;  only  the  square  compart- 
ments between  the  cnjss  and  string  pieces  are  larger,  so  tbat 
they  may  enclose  an  area  for  4  or  9  piles;  and  instead  of  a 
single  rnvv  of  cross  jticces,  the  grating  is  made  with  a  double 
row,  one  at  top,  the  other  at  the  buttom,  embracing  the  sti'ing 
pieces  on  which  they  are  nt^tclied. 

The  grating  may  be  fixed  in  its  position  at  any  depth  under 
water,  bv  a  few  provisional  piles,  to  whicli  it  can  be  attached, 

452.  \Vhei-e  the  ai-ea  occupied  by  a  structure  is  very  con- 
siderable, and  the  depth  of  water  great,  tlie  methods  which 
have  thus  far  been  explained  cannot  be  used.  In  such  eases, 
a  lirm  bed  is  made  for  the  structure,  by  forming  an  artificial 
*!and  rrf  liHj^e  heavy  blocks  of  8ti:)ne,  which  ai-e  spread  over 
the  area,  and  receive  a  batter  of  fnun  one  perpendicular  to 
one  ba.se,  to  one  perpendictdar  and  six  base,  according  to  the 
exposure  of  the  bed  to  the  effects  of  waves.  This  bed  is 
raised  several  feet  above  the  surface  of  the  water,  according 
tq  the  nature  of  the  structure,  and  the  foundation  is  com- 
menced upm  it 

453.  It  h  important  to  obsei-ve,  that,  where  such  heavy  massed 
aj-e  laid  upon  an  untried  soil,  the  sti'ucture  should  not  be  com- 
menced  before  the  bed  appears  entirely  to  have  settled  ;  nor 
even  then  if  there  be  any  danger  of  further  settling  taking 
place  from  the  additional  weight  of  the  structure.  Should 
any  doubts  arise  on  tids  point,  the  bed  should  Vie  loaded  with 
a  provisional  weight,  somewhat  greater  than  that  of  the  con- 
templated structure,  and  this  weiglit  may  be  gradually  ]*e- 
moved,  if  composed  uf  other  materials  than  th'ose  reqnired 
for  t-he  structure,  as  the  work  progresses. 

454.  To  give  perfect  security  to  foundations  in  ninning 
water,  the  soil  around  the  bed  must  be  protected  to  some  ex* 
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ten!:  from  the  action  of  the  current.  Tfve  most  ordinal y 
method  of  effecting  this  is  by  throwing  in  loose  masses  of 
hiYiken  stone  of  sufficient  size  to  resist  the  force  of  the  cnr- 
rent  This  method  will  give  all  required  security,  where  the 
soil  is  not  of  a  shifting  cliaracter,  hke  sand  and  gitiveh  To 
secure  a  soil  of  this  last  nature,  it  will  in  soTne  cases  be  neces- 
sary to  scoop  out  the  l)ottoui  around  the  bed  to  a  depth  of 
from  3  to  G  feet,  and  to  fill  this  excavated  part  with  beton, 
the  surface  of  wliicli  may  be  protected  from  the  wear  arising 
from  the  action  of  the  pebbles  carried  over  it  by  the  current, 
by  covering  it  with  broad  flat  flagging  st^mes, 

456.  When  the  bottom  h  composed  of  soft  mud  to  any 
great  depth,  it  may  be  pi-otected  by  enclosing  the  area  with 
Bheetingpilee,  and  then  tilling  in  the  enclosed  space  witli  frag- 
ments or  loose  stone.  If  the  mud  is  very  soft,  it  would  be 
advisable,  iu  the  first  place,  to  cover  the  area  with  a  grillage, 
or  with  a  layer  c^f  brushwood  laid  ctunpacdy,  to  serve  as  a 
bed  for  the  loose  stone,  and  thus  form  a  more  stable  and  m^lid 
mass. 

456.  Pneumatic  Processes. — By  this  tenn  we  undci-iitaiHl 
those  methods  of  obtaining  foundations  in  water,  iu  wliich 
external  or  internal  atmosolieric  pressui^e  is  the  active  agent. 

These  processes  are  divided  into  two  elapses,  viz.:  the 
jdenwm  pn&umatie  and  tlie  vafmnni  j)ncum(ifu\  the  former 
tenn  being  applied  to  the  case  whei*e  the  pressure  of  con- 
densed  ah*  is  employed  to  drive  the  water  out,  and  the  latter, 
where  the  pressure  of  the  atmosphere  is  employed  to  drive 
tlie  water  into  a  vacuum. 

457.  Pneumatic  Piles.— This  appellation  has  been  given 
to  cylinders  of  cast-iron,  used  in  the  jdace  of  ordinary  ])ilcs  to 
reacth  a  tirm  subsoil  below  tlie  bed  or  a  river,  suitable  fur  the 
character  of  the  superstructure  to  rest  upon  it,  which,  being 
made  airtight  on  the  sides  and  top,  but  left  open  at  the  bot- 
tom, are  sunk  to  the  required  depth,  by  rapidly  withdrawing 
the  air  within  them,  by  methous  to  be  described,  ami  thus 
causing  the  water  to  rush  in  through  the  open  l»ottom,  reino- 
^dng  in  it^  flow  the  subsoil  in  contact  with  the  lower  en<l  of 
the  cylinder,  and  allowing  it  to  sink  by  its  own  weight,  thm 
belonging  to  the  vacuum  pneumatic  class. 

The  cylinders  are  cast  and  put  t^»gether  very  much  in  the 
same  manner  as  ordinary  water-pipes;  being  coinpt:»sed  of 
lengths  of  fmm  six  to  ten  feet,  each  of  which  has  an  iutcrior 
flaiige  at  each  end,  with  holes  for  screw-bc4ts,  by  means  of 
whicli  and  a  disk  of  india-rubber,  inserted  between  the  con 
nacting  flanges,  the  joints  are  made  air  and  water  tight. 
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III  tne  first  essays  at  tliw  mode  of  foiindatioiij  the  cylinders 
were  sunk  by  simply  exhausting  the  internal  aii,  in  the  ordi- 
nary way,  above  tne  water-leveL  The  results,  however,  were 
not  satisfactory,  as  the  pile  sunk  very  slowly* 

The  next  step  (Fig,  55)  was  to  connect  an  air-tight  cylin- 
drical vessel,  D,  by  means  of  a  tube  A,  with  a  stop-oock, 
with  the  interior  or  the  pile  A,  and  also  witli  the  air-pnmp, 
by  anotlier  tnbe  leading  to  the  pump  from  the  other  end.  In 
order  to  sink  the  pile,  the  communication  between  it  and  the 
exhaust  chamber  D  was  first  closed,  and  tliat  between  this 
chamber  and  air-pnrup  opened.  The  air  was  then  drawn 
from  D  until  a  sufficient  vacuum  was  produced,  when  the 
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communion  with  the  pump  was  closed,  and  that  with  the  pile 
apened,  allowing  the  air  to  flow  fnjm  it  into  the  chamber  with 
considerable  velocity.  This  sudden  disturl>ance  of  the  equi- 
librium between  the  external  and  internal  pressures  on  the 
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pile  caused  it  to  descend  inetfliitaneonsly  and  rapidly,  as  il 
Btruck  on  the  top  by  a  heavy  blow,  the  descent  eoiitiniiing 
freqiieiitly  many  feet  imtil  an  equilibrium  among  tlie  I'orcea 
was  featured. 

When  the  resistance  to  the  further  deRcent  of  the  pile  wafc 
found  to  be  Uk*  ^eatj  either  from  some  obBtnu-tion  met  ^ith 
at  the  hotttjio,  or  fruin  the  tenacity  t)f  the  &oil  itself,  the  inge- 
liioua  expedieni  was  hit  U|x>n  t<»  toree  the  water  frotn  within 
the  pile,  })y  pmuping  air  into  it,  and  thus  enable  wurkiuen 
to  floHoend  to  the  bottom  and  remove  the  soil  or  other  ob- 
fttruetiou  lo  the  descent  The  plan  de visaed  for  this  purpf>se 
was  to  tit  auother  air-tif^ht  iron  cylindrical  vessel  <J  to  the 
top  of  the  pile,  of  siithcient  dianieter  anrl  lieight  to  hold 
suveral  wurknien,  and  a  windlass  W,  arranged  with  an  cud- 
less  rtJi^e  and  buckets  for  raising  the  excavated  soil  into  the 
chamber  C. 

The  chamber,  which  has  received  the  name  of  an  airh^ck 
from  its  f  imctiuns,  was  provided  with  an  upper  maudujle  M  at 
top  for  entering  the  lock,  and  one  N  in  the  l>ottom  for  enter- 
ing the  pile.  Each  man-li<jle  had  two  air-tif;:ht  valves,  one 
opcuing  outwards,  the  other  inwards*  Two  tu!>es,  C  and  D, 
with  stnp-cocks,  furnished  an  air-passage  between  the  air  of 
the  pile  and  that  of  the  lock,  and  l»etwccn  the  latter  and  tlie 
external  air.  A  sypliun -shaped  watcr-discliar^e  tube  B,  with 
a  stop-cock,  leads  rrotri  below  the  level  of  tlie  inner  water 
surface  througli  tlie  btittom  and  side  of  the  lt>ck. 

The  operatUHi  of  sinking  the  pile  by  first  exbausting  the 
air  from  the  exhaust  chamber  D,  was  tlie  same  in  this  case 
as  in  the  preceding;  the  upper  valves  of  either  nian4inle  be- 
ing closed,  and  all  coTmmmicatiou  between  the  external  air 
and  the  interior  uf  tlic  pile  being  cut  off  by  means  of  the 
btL*p-ccJcks. 

When  it  becarne  necessary  to  descend  to  the  bottom  of  the 
pile,  to  remove  tlie  soil  or  any  obstruction,  the  lower  valve  of 
the  lower  man-hole,  witli  the  tube  C,  were  closed ;  the  dis 
ctiarge  ttdie,  il,  left  open  ;  and  the  air  forced  into  the  pile, 
by  tbe  pnuqis,  through  the  tube  A;  the  increased  pressure 
upon  the  water  surface  caused  tlie  water  to  rise  in  tlie  tube 
B,  and  thnv  out  at  the  other  end. 

Wlien  all  the  water  was  discharged  lu  this  w^ay,  the  lower 
valve  of  the  upjter  mandiolc,  and  tubes  A,  B,  and  D  were 
closed ;  the  tube  C  was  then  opened,  tlirough  which  the  con- 
^  densed  air  in  the  pile  flowed  into  the  lock,  until  the  density 
of  the  air  in  it  and  in  tlte  pile  became  the  same ;  the  lower 
ralve  of  the  <:wcr  man-hole  was  then  opened,  to  allow  the 
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workmen  to  descend,  and  the  excavated  soil  to  be  raised  into 
the  iDck-chaniber, 
To  take  the  excavated  material  out  of  the  lock,  the  lower 

man-hole  under  valve  and  the  tube  C  ai*e  closed,  and  the  tube 
D  opened  ;  the  eondeiiBed  air  of  tlie  lock  flows  out,  and  tlie 
ii^jper  niaii-hole  lower  valve  is  opened. 

In  some  of  the  more  recent  caseg  of  the  application  of 
pneumatic  piles,  the  exhanst-chainher  and  the  discliarge 
water-pipe  have  been  siippreeised  ;  condensed  air  being  alone 
nsed,  both  to  force  the  internal  water  out  through  tlie  t>i>en 
botttim  of  the  pile,  to  alldw  the  workraen  to  excavate  witnin* 
anil  aim  to  prodiice  a  scour  l»elow  the  lower  end,  from  the 
rush  of  the  water  back  into  the  pile,  by  allowing  the  con- 
densed  air  to  escape  rapidly  fixjin  it.  For  this  purpose 
a  tnl>e  leads  from  the  air-pumps  tliroiieh  the  m\e  and  bottom 
of  the  air-lock,  into  the  pile,  to  supply  the  compressed  air. 
Another  pipe  with  a  stop-cock  leads  thi-ough  the  side  and 
Imttoni  or  tne  h«ck,  fruni  the  external  air  ti>  the  interior  of 
the  pile,  thn>ii^h  which  the  condensed  air  in  the  pile  can  be 
dificharged.  The  upper  and  lower  man-holes  have  each  an 
under  valve.  Two  equilibrium-tubes  with  sto|>cock8,  one 
forming  a  connection  between  the  interior  of  the  pile  and  the 
air-lock,  the  other  leading  through  the  side  of  the  lock  to  the 
external  air,  funiisli  the  means  of  bringing  the  air  of  the 
IcHjk  to  the  same  density  as  that  within  the  pile,  or  that  of 
the  atmosphere. 

To  force  out  the  water,  the  lower  manhole,  the  condensed 
air  discharge  pipe,  and  tlie  condensed  air  equilibrium-tube 
are  closed,  and  the  air  then  forced  into  the  pile  by  the 
piunps* 

To  excavate  the  internal  soil^  the  workmen  enter  the  lock, 
close  the  upper  man -hole  and  the  upper  equilibrinm-tubej 
and  open  the  lower  equilibri inn-tube.  This  establishes  an 
equilibrium  between  the  air  of  the  lock  and  that  of  the  pile, 
and  the  workmen  can  then  descend  into  the  pile  and  exca- 
vate tlio  soil. 

To  remove  the  excavated  soil  which  has  been  raised  into 
the  lock,  the  lower  manhole  and  lower  eqnilibrimu'tube  are 
closed,  and  the  upper  eqnilibrium-tube  opened,  which  estab- 
lishes an  equilibrium  between  the  air  of  the  lock  and  that  of 
the  atm<.)sphcre.  The  upper  man-hole  then  being  opened, 
the  material  in  the  lock  can  be  carried  out. 

To  produce  a  scour  under  the  pile  to  allow  it  to  sink,  the 
workmen  loa\  e  the  pile  and  lock ;  the  condensed  air  dis* 
charge-pipe  b.  then  opened,  and  by  the  rush  of  the  watei 
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into  the  pile  all  obstruction  to  the  movement  of  the  pile  ii 
removed  from  its  lower  etiJ. 
468.  Double  ALr-IjOcks.  In  some  of  tlie  more  recent  ap- 

Cli cations  of  condensed  air  in  Europe,  air-locks  in  pairs  have 
een  used  to  save  time. 


^^ 


Vlg.  ftfiu— LooffltDdiiul  iM^lon  cf  pile  A, 
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^». 


The  arrangements  in  this  case  (fig.  50)  consist  of  a  work* 
ing  chamber,  B,  termed  the  bell^  which  is  a  lar^e  air-tiglit 
iron  cylindrical  vessel  fastened  to  the  head  of  Uie  pile,  in 
which  there  is  sufficient  room  for  a  hoisting  appamtiis,  M, 
and  several  workmen,  to  raise  the  excavated  soil  to  the  level 
of  the  air-looks;  of  two  small  air-locks,  D  and  C,  which  are 
inserted  into  the  liell  ahoiifc  two-thirds  of  their  length  ;  of  a 
sv|>hon-shapcd  water  discharge-pipe  A ;  and  of  a  windlass  N 
to  raitie  tlie  excavated  soil  out  of  the  locks. 

Each  lock  has  a  man-hole,  with  an  undervalve  on  top,  fct 
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cntortit^  cue  lock,  and  a  vertical  door  on  the  side  for  enter 
ino^  tlie  nelL  Each  h  provided  with  two  seta  of  equilibriiun 
valvea,  so  arranged  that  they  can  be  opened  bj  a  pei-son  from 
within  the  bell  or  the  lock,  to  establish  an  equilibriiim 
between  the  air  in  theni ;  or  from  the  outaide  of  the  hick,  or 
the  inside,  to  establish  an  equilibrium  between  the  external 
air  and  that  of  the  lock. 

Tlie  air  in  the  pile  is  conden&ed  by  air-pnraps  in  the  usual 
way. 

The  hoisting-en^'ne  in  the  bell  has  its  gearing  &o  arranged 
that  the  filled  buckets  can  be  delivei'ed  alternately  into  the 
locks,  and  from  there  be  taken  by  the  gearing  of  the  windlass 
above.  In  the  example  represented  by  Fig.  50,  a  weio:ht,  W, 
fonned  of  cast-iron  bars,  resting  on  brackets  cast  on  tlie  out- 
side of  the  bell,  forms  a  counterpressiire  to  the  interior  con- 
densed ain 

The  pile  is  sunk  by  opening  a  condensed  air-pipe  leading  to 
the  external  air,  the  lower  portions  of  water  discharge-pipe 
havinn;  been  removed,  and,  with  the  tools  used  in  excavating, 
placed  within  the  bell.  • 

The  descent  of  the  pile  at  each  discharge  of  the  condensed 
air  depends  npon  the  nature  of  the  strata  met  with.  In  very 
compact  clay  the  descent  will,  in  ^some  instances,  be  only  a 
few  inches  in  several  discharges;  while  in  sandy  or  gravelly 
strata  it  will  descend  as  much,  at  times,  as  twelve  or  more 
feet  This  is  owing  to  the  difiFerenee  between  the  effect  of 
the  Bconr,  and  the  resistance  offered  by  the  friction  on  the 
exterior  surface  of  the  pile.  The  resistances  in  sand  and 
gravel  being  ranch  less  than  in  stiff  clay.  It  has  been  found, 
m  some  cases,  that  two  or  three  feet  of  a  compact  clay  soil 
left  within  the  piles  at  the  bottom  would  prevent  the  scour 
and  the  further  descent  of  the  pile  when  the  condensed  air 
was  discharged. 

Tbe  piles  are  placed  in  position  by  a  snitable  hoisting- 
gearing  rai.^ed  upon  a  strong  scaffolding ;  and  in  their  descent 
are  kept  in  a  vertical  position  by  guides  placed  in  connection 
with  the  scaffolding.  Great  precautions  nave  to  be  taken  in 
managing  the  descent  of  the  pile,  when  it  is  approaching  the 
depth  to  which  it  is  wished^  to  sink  it,  fto  as  to  Keep  the  tt»p 
surface  of  each  on  the  same  level. 

In  the  first  applications  of  pneumatic  piles^  cast-iron  cylin 
ders  of  small  amnietcrs  were  used;  as  many  being  sunlc  as 
the  resistance  of  the  HubBtratnm  upon  which  they  rested  re^ 
quired  to  support  the  base  of  the  supci^tructure.  Subse- 
quently the  diameters  of  the  cylinders  were  enlarged,  to 
U 


226 


OIVTL  5NOD7KERTNO. 


enalile  tlio  eoil  to  be  excavated  from  tbe  interitir,  and  be 
replaced  with  liydraolic  concrete.  In  some  instances  the 
oonerete  filraidy  rested  uiioii  the  bottom  of  the  exeavation. 
In  otlierf*,  w<xKien  piles  were  driven  within  the  cylinder  some 
difetauie  l>el(nv'  its  lower  end,  and  the  concrete  thrown  in  tu 
rest  upon  the  heads  of  the  pilee. 

Ihtrhnn  Iin4f}t\—\\\  the  Ilarleni  Bridge  the  piles  were  six 
feet  in  diameter,  and  ca^t  in  lengths  of  ten  feet.  The  air- 
lock was  of  the  same  diameter  as  the  piles,  and  six  feet  high ; 
the  valves  or  man-holea  twenty  inches  in  diameter.  The  moet 
noticeable  feature  in  this  part  of  the  strneture,  is  the  expedient 
of  nfiing  an  miderpinning  of  plank  and  ccnicrete,  to  obtain  a 
wider  spread  of  the  foondation  bed,  and  a  greater  bearing 
surface  for  the  stiperHtrncture  to  rest  on.  For  this  puq>oe€, 
plank  five  feet  long,  thj-ee  inches  ^vide,  and  one  inch  and  a 
qnarter  thick  (Fig,  55)  were  forced  imder  the  liottorn  of  the 
pile,  in  seetionft  of  three  feet  wide  on  opp<:)site  sides,  and  in 
an  inclined  dijTction,  so  as  to  gain  an  additional  spread  of 
fonndation  ])a8e  of  two  feet  around  and  beyond  the  pile. 
These /ormed  a  temporary  nx»fing,  fmm  beneath  which  the 
B^iil  was  rapidly  reinuved,  and  the  excavated  space  filled  in 
with  concrete.  Finding  great  inconvenience  in  this  pi-ocess, 
from  the  rapidity  with  which  the  water  and  sand  came  in  on 
the  sides,  an  additional  condensation  was  given  to  the  e« im- 
pressed air  i\i  six  to  ten  feet  extra  water  pressui^;  this  was 
loiind  to  c<iynteract  the  external  pressnre,  so  as  to  allow  the 
excavations  to  be  carried  on  with  facility. 

The  refuse  gas-jiipes  which  %vere  uaea  to  convey  the  com- 
pressed air  down  between  the  bf)ttom  of  the  concrete  and  tlie 
underlying  soil,  as  well  as  giving  it  a  passage  between  the 
outside  of  the  pij>es  and  the  body  of  the  concrete,  were  dis- 
tributed tbrougli  the  concrete  about  a  foot  apait. 

The  bottom  of  the  foundation  in  this  example  w^as  thirty 
feet  below  the  surface  of  the  river-bed,  and  fifty  below 
tide. 

An  opinion  ha?  obtained,  fmm  the  condition  in  which  the 
hydraulic  concrete  was  found  in  a  pile  accidentally  fractured, 
in  which  it  had  lain  for  some  time,  that  this  material  did  not 
harden  when  subjected  to  the  great  pressure  of  the  water 
from  the  bottom.  A  remedy,  it  is  stated,  has  been  found  foi- 
this  l»y  using  a  portion  of  fragments  of  a  ponms  brick  in  w 
dry  state  instead  <  f  storm,  in  the  comptjsition  of  the  con^ 
«rete,  as  was  druie  ii.  the  case  of  the  piers  of  the  bridge  at 
Szegedin,  in  Hungary ;  and  by  inserting  in  the  body  of  the 
ccnorete  half -inch  gas-pipes,  throngh  wnich  the  compressed 
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iir  wiis  diffused  throughout  the  mass,  as  practised  at  th« 
Harlem  Bridge  by  Mr.  McAlpixie. 

Bridge  over  the  Theis  i. — The  s*>il  l>elow  the  bed  of  the 
river  Thciss,  at  Szegediii,  is  aUiivial,  and  foiiud  In  alterimte 
strata  of  compact  clay  and  sand  to  an  indefinite  de^  th.  The 
cnirrent  throughout  it^  course  is  sluggish,  having  a  surface  velo- 
city at  Szegediii,dnrin^  the  highest  stage  of  the  waters,  of  froru 
three  to  three  and  a  half  feet  The  rise  and  fall  of  the  water 
are  both  very  gradual;  the  highe^^t  stage  being  abont  twenty- 
six  feet,  and  the  mean  level  aoont  sixteen  feet.  The  arclied 
ribs  and  other  eiinerstructnre  of  the  bridge  were  of  wnjught- 
iron  plates.  Eacri  pier  was  formed  of  two  piles,  or  colnnms^ 
filled  with  bdton,  as  above  described ;  and  each  snpjjiuting 
one  track  uf  the  railroad.  They  were  caat  in  lengths  of  six 
feet,  and  ten  feet  in  diameter,  and  one  inch  and  one4entb  in 
thickness.  The  piles  were  sunk  to  the  depth  of  about  thirty 
feet  below  the  surface  of  the  bed ;  and  about  forty  feet  below 
the  ordinary  low- water  level.  Their  height  corresponded  to 
the  higliest  water  level,  or  neftrly  thirty-Uiree  feet  above  the 
presnmed  scour  of  the  bed. 

The  interior  excavation  of  the  soil  was  carried  down  to  the 
first  joint,  or  six  feet  from  the  bottom  of  the  column.  To 
compress  the  soil  below  the  column  to  sustain  better  the  su- 
perincumbent weight,  twelve  piles  of  pine  were  driven  within 
the  column  to  a  depth  of  twenty  feet  below  the  bottom. 

The  air-locks  were  each  about  six  feet  six  inches  in  height, 
and  two  feet  nine  inches  in  diameter. 

To  proride  against  the  scour  of  the  current,  the  entire  pier 
was  enclosed  by  a  row  of  square  sheeting- piles,  driven  to  the 
level  of  the  bottom  of  the  columns,  and  about  two  feet  from 
them.  The  space  between  these  piles  and  columns,  to  the 
depth  of  ten  feet  below  the  bed  level,  was  filled  with  hj^draulic 
concrete;  and  the  piles  were  surrounded  by  loose  atone  with 
a  spread  of  about  ten  feet  from  the  piles. 

Ab  large  quantities  of  hydraulic  concrete  are  required  for 
filling  the  piles,  the  jnethod  pursued  in  Germany,  and  as 

Estised  at  the  bridge  at  Szegeain,  for  mixing  tlie  mortar  and 
ments  of  brick  or  stone,  commends  itself  for  its  economy, 
the  thoroughness  with  which  the  materials  are  incor- 
porated. A  Wooden  cylinder  about  twelve  feet  long,  and  fom 
reet  diameter,  made  and  hocjped  like  a  barrel,  and  lined  with 
Bheet-irou,  placed  in  an  inclined  position  of  -^  to  the  horizon 
was  made  to  revolve  by  a  Irand  set  in  motion  by  a  steam-en- 
gine, fn»u\  fifteen  to  twenty  revolutions  in  a  minute.  The 
cylinder  was  fed  by  a  hopper  at  the  upper  end,  into  which 
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th©  matf»rialfl  wore  thrown,  and  tliey  were  diahart^ed  dior 
oiighly  mixed  and  ready  for  um  intij  wheelbarrows  at  tha 
lower  end*  It  id  stated  that  tkis  simple  machine  delivered 
from  280  to  350  cubic  feet  in  ten  huiir&. 

The  concrete  h  usually  thrown  do^Ti  into  the  pile  from  thej 
bell  or  l(jck.     At  the  bridge  at  Sze^edin  the  double  lockgJ 
were,  alternately,  nearly  filled  with  the  concrete,  and  it  wat^ 
raked  out  from  them  and  thrown  into  the  pile ;  cai-e  l>eiu^ 
Uken  to  work  it  in  well  by  hand,  around  the  flanges  and 
jointa* 

P1«,  57, 


Fig.  07,— UiAffttadliMl  Kctitmof  tl>«ail» 
Mm  umI  IIUHODI7  of  m  pier  of  m.  r&{lraad 
brtdv*  Of«r  the  SoMlI,  ai  L'OdmG, 
Fmnoe. 

Fljr.  m—P\an. 

A^  w»riin((-obtunb«rforexaivstlnf  ntL 

B,  Interior  «>l«v»tloti  of  (^i«oci« 

O,  0,  fllrratlon  of  the  belli  oont&lntnf  tbf 
double  nt  r-lo6lra. 

D,  D»  cjUndeni  for  oommnnloiCloD  bKweMi 
U^ii  ODil  frorkinfr-cbamber. 
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Bridge  over  the  Savannah  River  on  the  line  of  the 
Charleston  and  Savannah  Rail  Road.  The  air-locks  on 
these  piles  were  similar  to  the  Harlem  plan.  Light  was 
admitted  into  the  air-lock  by  means  of  large  bulls-eye  glaaset,  1 
and  thence  into  the  body  of  the  pile  in  the  same  w^ay,  but 
this  mode  was  found  to  be  worthless,  on  account  of  tlie  mud 
in  the  bottom  of  the  air-lock  which  covered  the  glass.  The 
engineer  employed  a  secondary  small  air  lock  m  that  the 
material  which  was  brought  into  the  main  one  could  be  dis-. 
charged  at  any  time^  and  thus  tlie  work  go  on  %vith  less 
interru|)tion,  and  the  bulls-eyes  l>ecame  more  serviceable. 
With  the  secondary  air-lock  the  work  ])r<>gres8ed  more  rapidly; 
the  ratio  for  a  given  amount  of  work  being 

T^ms  hy  old  wM^hA  _14 

Time  by  new  air4ock      5 

By  a  fortunate  discovery  the  engineer  discovered  that  the 

pressure  of  Uie  air  in  the  pile  was  sufficient  to  force  sand  from 
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the  bottom  of  the  pile  through  a  vertical  pipe  to  a  height 
above  the  sarfaue  of  the  water  outside  the  workg.  A  sort  of 
telescopic  tube  was  attached  to  the  lower  end  of  a  pipe  so 
that  it  could  be  easily  moved  downward  as  the  excavation 
ppogreseed.  This  greatly  facilitated  the  progress  of  the  work, 
lor  It  was  found  that  to  do  a  given  amount  of  work  the  ratio 


14 
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Time   hy  old  air-lock. 

Tmiel>y  blowing  out  sand  ~^  ^ 
ThiB  mode  of  excavation  has  been  adopted  to  &onie  extent  in 
the  caisftous  of  the  East  River  Bridge,  This  procesg  also 
secures  thorough  ventilation.  The  same  plan  has  also  been 
used  in  the  Omaha  Bridge  and  Leavenworth  Bridge  with 
eqnally  gtxjd  results. 

It  is  sometimes  very  difficult  to  keep  the  tubes  %*erticah 
Wlien  they  begin  to  incline  efforts  should  be  made  immedi- 
ately to  bring  tliem  to  an  erect  })osition.  In  some  eases 
wedges  or  bkxiks  plfn-ed  under  the  lower  side  and  suddenly 
relieving  the  pre&sine  %vill  correct  the  evil.  An  ingenious 
mode  was  adopted  by  tlie  engineer  of  the  Omaha  Bridge.  He 
bored  sevei-al  holes  through  the  tubes  on  the  upper  side, 
through  which  the  c-onipressed  air  escaped  and  thus  disturbed 
ilie  soil  and  relieved  the  pressure  on  that  side  so  that  it  would 
sink  faster.  Strong  levers  have  been  used  to  pull  on  the  top 
whilst  the  tube  was  sinking,  but  not  with  xevy  marked  re- 
sults. In  at  least  one  veiy  obstinate  case,  in  which  the  holes 
on  the  upper  side,  combined  with  the  action  of  a  strong  lever, 
did  not  alone  eflfect  the  desired  result,  a  ram  was  used  in 
combination  with  the  otlier  devices  and  t!ie  erect  position  was 
quickly  secured.  The  jar  produced  by  the  ram  whilst  the 
tube  was  sinking  seemed  to  give  great  effect  to  the  otlier 
devices. 

Gen.  W.  S.  Smith,  w4io  had  charge  of  the  construction  of 
the  foundations  of  the  Omaha  and  Leavenworth  Bridges,  is  of 
opinion  that  a  pneumatic  caisson,  surmounted  by  masoniy,  is 
cneaper  and  better  tlian  pneumatic  pile  piers,  but  it  is  evident 
tliat  circumstances  may  often  determine  which  is  preferable 
in  any  particular  case. 

459.  Pnenmatio  Caissons.  The  appli  cat  ion  of  c*  impressed 
air  fi>r  laying  fcumdations  has  been  further  extended  in  some 
of  the  railroad  bridges  recently  constructed  in  Europe ;  by 
nsing  wrought'iron  caissons  of  sufficient  dimensions  to  serve 
18  an  envelope,  (^r  jacket,  for  the  raasom-y  of  an  entire  pier; 
imd  gradually  sinking  the  whole  to  the  requisite  deptn,  by 
excavating  the  soil  within  the  pier  to  the  desired  level 
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The  caisdons  (Figs.  57,  58)  for  this  purpose  were  divided 

intit  two  compartments. 

The  lower  A  (Fig.  57),  which  served  as  a  chamber  for  the 
workmen,  for  excavating  the  8<j»il,  was  strongly  roofed  at  top, 
with  iron  bare  and  iron  sheeting,  to  bear  the  weight  of  the 
masonrj  that  rented  upon  it ;  ana  was  securely  buttressed  or. 
the  sides  to  resist  the  inward  pressure  of  the  &<jil  on  tlie  out 
side.  The  upper  chamber,  B,  served  as  an  ordinary  caidson^ 
fitting  closely  to  the  masonry  on  the  sides,  and  rising  suffi- 
ciently above  it  U)  exclude  tne  water  during  the  construction 
of  the  masonry :  the  body  of  which,  composed  of  bdton  with 
a  facing  of  stone,  was  g;radually  raised  as  the  caisson  was  sunk 
through  the  earth  ovenyijig  a  bed  of  rock  upon  which  the 
pier  was  finally  to  rest. 

The  working  chamber  A  was  connected  with  two  bells  C, 
C,  by  two  vertical  iron  cylindere  D,  D  (Fig.  57),  fnr  each 
bell ;  tliese  cylinder  serving  as  a  communication  between  the 
working-chamber  and  belk,  for  the  passage  of  the  workmen 
from  one  to  the  otlier,  for  raising  the  excavated  soil,  and  as  a 
passage  for  the  com  pressed  air  loreed  in  by  the  air-pumps. 

Each  bell  contained  two  air-locks  for  communicating  be- 
tween it  and  the  exterior ;  and  a  hoist iiiff  gearing  for  the 
excavated  soil;  the  filled  buckets  ascending  through  one 
cylinder,  and  the  empty  ones  descending  through  the  other. 

The  lower  chamber,  the  bottom  of  which  was  open,  was 
kept  tilled  with  compresBed  air  of  sufficient  deiiftity  toexclud. 
the  water,  and  enable  the  workmen  to  excavate  the  ftt»ih 

The  caisson  was  gradualty  sunk,  by  the  weight  of  the 
superincumbent  masrt,  ha  the  soil  below  was  removed. 

So  soon  as  the  rock-bed  was  reached,  tlie  surface  was 
thonnighly  cleaned  off,  and  levelled  under  the  edges  of  the 
bottom  of  the  caisj^on,  and  the  chamber  A  was  gradually 
filled  in  with  masonry  closely  up  to  its  roof.  Finally  the 
cylinders  D  wore  removed,  and  tne  wells  occupied  by  them 
in  the  body  of  the  pier,  filled  with  beton. 

iVs  a  matter  of  intereBt,  on  the  subject  of  laying  founda* 
tions  bv  means  of  pueumatic  piles  and  caissons,  a  few  addi- 
tional  facts  in  connection  with  the  examples  above  cited  will 
not  be  out  of  place  here. 

Bridge  over  the  Soorffi     In  the  example  of  the  bridge  at 
L'Orient  over  the  Scorff,  the  river-bed   h  a  stratum  of  jnuc 
forty -six  feet  in  depth,  resting  upon  a  surface  of  hard  i^chiar^ 
toze  mck  more  or  less  inclined  and  uneven.     The  level  of 
mean  tide  is  about  sixty  feet  above  the  rock  surface ;   tliat  ol 
the  highest  tide  sa^^enty  feet. 
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Tlie  caisBonB  used  in  thlB  example  wei^e  desifi^ned  for  the 
pier«  of  a  stone  bridge,  and  were  aljout  forty  ^ect  long  and 
twelve  feet  broad*  The  bells,  or  upper  working  chaniberSj 
were  t^n  feet  high  aad  eight  feet  in  diameter ;  tlie  lowei 
working-chamber  ten  feet  high;  and  the  cjiindei-s,  for  com* 
monication  between  them,  two  feet  and  a  half  in  diameter. 

The  eaissoiiB  vrere  built  of  &heet-iron,  in  zones  increasing  in 
tliickness  from  the  top  to  the  bottom ;  but  not  having  been 
buttressed  withiD  against  the  pres&nre  of  the  water,  as  the 
lower  working-chamber  was,  they  yielded  and  got  out  of 
ghape. 

In  a  subsequent  structure  of  nearly  the  same  dimensioua, 
for  a  railroad  bridge  at  Nantes,  the  game  failure  took  place, 
and  precautions  were  then  taken  against  it  by  the  insertion  of 
croes-stays,  which  were  removed  as  the  masonry  was  carried 
up.  In  the  caiasoBS  used  in  this  case,  the  bells  and  air-locks 
were  made  larger.  Each  air-lock  had  three  separate  com* 
partraeuts  ;  one  for  the  passage  of  the  workmen  whicli  could 
contain  four  men ;  one  for  the  barrows  by  which  the  excavated 
soil  was  removed,  and  one  for  the  concrete  to  till  up  the 
lower  working  chamber,  when  the  excavation  was  completed, 

St-  Louis  Bridge.  The  caissons  for  the  two  piers  of  this 
bridge  differ  in  no  material  respect,  so  that  a  description  of 
one  will  e<^ually  apply  to  the  other.  The  air-chatnbei's  ai^e 
nine  feet  high,  the  sides  being  formed  of  f-inch  plate  iron  in 
the  larger,  and  f-inch  in  the  smaller.  T!ic  air-chamber  ia 
simply  a  huge  diving-bell  of  the  full  size  of  the  pier.  The 
iron  plates  K,  K  (t  ig.  59),  forming  its  roof,  are  of  i^inch 
thickness.  Transversely  over  this  and  riveted  firrnly  to  it 
are  thirteen  iron  girders  L,  at  intervals  of  five  and  a  half  feet. 
Beneath  the  roof  two  massive  timber  girdei*8  C,  C  (Figrs,  59 
and  60),  in  an  opposite  direction  to  the  ii*on  ones,  divide  the 
air-chamber  into  three  nearly  eoual  parts.  Comtnunication 
between  the  three  divisions  is  had  through  openings  made  for 
this  purpose  in  the  girders.  Tliese  timber  girders  are 
intended  to  rest  on  the  sand  and  support  the  roof  from  below. 
The  sides  of  the  air-chambers  are  strongly  braced  with  plate 
iron  brackets  O  O,  stiffened  with  angle  iron.  Between  the 
brackets  is  placed  all  around  the  chamber  a  course  of  strong 
tiinliers,  the  bottom  of  which  is  level  with  that  of  the  girders, 
intended  to  rest  on  the  sand  and  assist  in  supporting  tlie 
weight.  The  support  given  by  the  timbers,  together  with  the 
buoyant  power  of  the  compressed  air  in  the  chamber  and  the 
friction  of  the  sand  on  the  sides,  is  the  only  meatis  relied  on 
to  BUBtain  the  pier  in  its  gradual  descent  to  the  rocL 
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The  air-l(X!kB  A  A,  heretofore  as  a  rale  placed  above  the 
surface  of  the  water,  are  Itxjated  within  the  roof  of  the  air- 
chamber,  and  access  is  had  to  thera  through  brick  wells  F,  G, 
thus  avoiding  the  iucouvenienee  and  delay  of  adding  new 
joints  under  the  locks. 

The  saiid-punjps  E  are  placed  on  the  I'oof  of  the  chamber, 
their  suction  pi{>ea  extending  through  the  chamber  to  the 
satjd.  The  action  of  these  punaps  is  very  eiinple,  A  stream 
r*  water  is  forced  down  the  pipe  B,  (Fig.  61),  and  disci  arged 
near  tiie  sand  into  the  pipe  A,  through 
the  annular  jet  C,  The  jet  creates 
a  vacuum  below  it,  by  which  the  sand 
is  drawn  into  the  second  pipe,  the  lower 
end  of  which  is  in  the  sand,  and  tlie 
force  of  the  jet  carries  it  up  to  the 
mouth  of  the  pump  so  soon  as  it  passes 

The  abutments  at  the  east  end  of  the 
bridge  (Figs.  01  a  and  61  i)  differed  in 
some  of  the  details  of  their  construction 
from  tlie  piers. 


Fig.  61. 


B 
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fig.  ei,  npKwaali  «  v«rt}cn.  Mfr. 
Hon  ol  •  iuul-i>niap* 

A,  pump  barral. 

B,  injcctioo  pipib 
g^  umulAT  jut 


Ftg.  01  a,  (k  «  port  plan  and  part  aecUoii  of  \ht  fla«t 
mentor  the  St.  Luals  Bridgs*   Pig.  61  &,  U  a  Tcrtksl  i 

or  tlM  atkHM* 

I,  is  thtt  nwtii  Rbftfk. 

MM,  IrtTii  fFlxdcn. 

OO,  t)ie  Air4oak«. 

PP,  the  afr-ch&iDbar* 

QQ,  the  t1mb«*r  ffcrdata 

BR,  tbc  tLmb(<r  dock. 

8S,  the  iron  abecting, 

TT,  tbA  timber  Adm of  rtin  \t\\mm 
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The  main  shaft  liad  two  air-hjcks  at  the  tower  end,  each  8 
feet  ill  diamettjr,  having  about  four  tiruL^s  the  capacity  of  the 
one  used  in  tlie  piei-s.  There  were  also  two  other  Bhiifts  and 
air-hielvA  which  were  intn>dacccl  to  ^eenre  additional  safety. 
This  caisson  was  probably  &mik  to  a  greater  deptli  than  any 
otlier  in  tlie  world  by  the  pneuniatie  process. 

It  was  sunk  to  the  native  rock,  which  waB  136  feet  below 
high- water  mark,  and  94  below  the  extreoie  low-water  mark. 
It  was  about  110  feet  below  the  surface  of  the  water  at  the 
time  it  was  completed.  It  was  extremely  hazardous  to  the 
health  and  even  lives  r>f  %vorkmen  to  be  kept  under  the  pres- 
sure of  over  three  atmi^splieres  for  a  long  time.  The  greatest 
security  was  found  in  ehaiighig  them  every  three  or  four 
hours. 

Candles  burned  very  readily  at  this  depth  and  pressure. 
After  a  depth  of  about  80  feet  was  reached,  the  candles  were 
inclosed  in  a  strong  glass  globe,  the  inside  of  wliich  communi- 
cated with  one  of  the  shafts,  and  the  pressure  w^as  regidated 
by  a  small  tube  passing  through  the  globe  and  containing  a 
cheek  valve.  In  this  way  the  eandles  burned  in  an  atmos- 
phere  whose  pressure  waa  about  the  same  as  the  external  ain 
iSt'e  Londini  EnglneeHn^^  1870  and  ISTL) 

East  River  Bridge.  The  caisson  for  this  bridge  is  com- 
posed almost  wholly  of  w(kh1.  The  air-chamber  (Fig.  62)  10 
nine  feet  six  inches  high,  the  roof  being  made  *>f  fifteen 
courses  of  timbers,  one  foot  tiiick,  the  lower  live  (A)  being 


I  z«M««eDl)i  •  vwrtlcal  teotloii  of  tba  Broaik^  OaiMOD  of  tha  But  Hirer  Brldfe. 
vtlmlMro 
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the  fourth  and  fifth  (courses  of  the  roof  is  laid  a  aheet  of  tni, 
which  is  continued  dow^i  nndenieath  the  outside  sheathing^. 
The  air-chamber  is  divided  into  six  conipartnients  bv  heavy 
timher  ^irdei^.  The  shafts  through  whicli  the  heavy  material 
is  raised  extend  beluw  the  level  of  the  excavation  at  the 
bottom,  and  are  constiiiitly  open ;  but  the  compressed  air  is 
prevented  fr^^m  escaping  by  a  column  of  water,  which  i§ 
maintained  at  nearly  the  same  height  as  the  water  in  the  river 
bv  tlie  pressure  of  the  compressed  air.  If  the  pressure  of  the 
air  should  he  made  to  greatly  exceed  that  at  which  it  is  ordi- 
narily maintained,  it  would  blow  all  the  water  out  of  the  shaft 
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atid  thu  air  would  entirely  escape,  but  e  fery  ueoessary  pro 
caution  was  used  to  keep  a  proper  presijuro or  the  air.  An  a«* 
cideut  of  tliis  kind  once  took  place  in  the  Brooklyn  caisson* 


VIL 
I 

00N8TBUCTI0N   OF  MA80NBT. 

460.  Under  this  head  will  be  comprised  whatever  relatea 
to  the  manner  of  djeterininiog  the  furnis  and  dioiensione  of 
the  most  imp4:>rtant  elementary  coni}Kinoiit8  of  structures  of 
masourj^  together  with  the  practical  details  of  tlieir  construc- 
tion. 

461.  FoundatloQ  Courses.  As  the  object  of  the  founda- 
tions IS  to  give  gmater  stability  to  the  atructui-e  by  diffiisins^ 
its  weight  over  a  broad  surface,  their  breadth,  ur  sprmd^ 
should  be  proportioned  both  to  the  weight  of  the  strnctui-e 
and  to  the  resistance  offered  by  the  subgoil.  In  a  perfectly 
miyielding  soil,  like  hard  rock,  there  wil!  be  no  increase  uf 
stability  by  augmenting  the  base  of  the  structure  l>ey(jnd 
what  is  strictly  necessary  for  etability  iu  a  lateral  directinu  ; 
whereas  in  a  \QYy  eonipi-essible  soil,  like  soft  nuid,  it  wuidd 
be  necessarv  to  make  the  base  of  the  foundation  very  broad, 
so  that  by  diffusiug  the  weight  over  a  great  surface,  the  sub- 
soil may  offer  suflicieut  resistance,  and  any  unecpnil  settling 
be  (tbviated. 

462.  The  thickness  of  the  foundation  course  will  depend 
ou  the  spread ;  tlie  base  is  made  broader  tlian  tlie  tup  for  mo- 
ti\e8  of  economy.     This  diminution  of  the  volume  (Fig.  63) 


1  of  Ikxuutodcia  < 


is  made  either  in  steps,  teraied  ofsds^  or  else  byginngi 
oniforra  batter  from  the  base  to  the  top* 
When  the  foundation  has  to  resist  only  a  vertical  pressure^ 
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an  equal  batter  ig  given  to  it  on  each  side ;   but  if  it  has  to 

resist  also  a  lateral  eflfort,  the  spread  should  be  greater  on  the 
Bide  opposed  to  this  effort,  in  order  to  resist  its  tendency, 
which  would  be  to  cause  a  yielding  on  that  side. 

463.  The  bottom  course  of  the  foundations  is  usuallT 
formed  of  the  largest  sized  blocks,  roughly  dressed  off  witn 
the  hammer  ;  but  if  the  bed  is  compressible,  or  the  surfaces 
of  the  blocks  are  winding,  it  is  preferable  to  use  blocks  of  a 
small  size  for  the  bottom  course ;  because  these  small  blocks 
can  be  lirmly  settled,  by  means  of  a  heavy  beotlej  into  close 
contact  with  the  bed,  which  cannot  be  done  with  large-sized 
blocks,  particularly  if  their  under  surface  is  not  perfectly 

t)lane.  The  next  course  above  the  bottom  one  should  be  of 
arge  blocks,  to  bind  in  a  firm  manner  the  smaller  blocks  of 
the  bottom  course,  and  to  diffuse  the  weight  more  uniformly 
over  tiiem. 

464.  \Vlien  a  foundation  for  a  structure  rests  on  isolated 
supports^  like  the  pillars,  or  columns  of  an  editice,  an  irv- 
verted  or  counter-arch^  (Fig*  ^*^^)  should  connect  the  top 
course  of  the  foundation  under  the  base  of  each  isolated 
support,  so  that  the  pressure  on  any  two  adjacent  ones  may 
be  distributed  over  the  bed  of  the  foundation  in  the  interval 
between  them.  This  precaution  is  obviously  necessary  in 
oompressible  soils. 


r!«.  64. --Section  of  Tertkal 
anpporta  on  rtrvejiiGd  KrclMi 

A,  rftvencd  Rrah. 

B)  Tfsticu  rapfMi'tk 

0,  tod  of  lAonti 


The  reversed  arch  is  also  used  to  give  greater  breadth  to 
the  foundations  of  a  wall  with  ctjunterforts,  and  in  cases 
where  an  upward  pressure  from  water,  or  a  semi-fluid  soil 
requires  to  be  counteracted.  In  the  former  case  the  reversed 
arches  are  turned  under  the  couuterforts ;  in  tJie  latter  they 
form  thepoiotsof  support  of  the  walls  of  the  structure. 

465.  Tlie  angles  of  the  foundations  should  be  formed  of 
the  most  massive  blocks.  The  courses  should  be  ciirried  up 
uniformly  throughout  the  foundation,  to  prevent  unequal 
lettling  in  the  mass. 

The  stones  of  the  top  course  of  the  foundation  should  be 


238 


CIVIL  EWGINEEEXKO, 


Bufflciently  large  to  allow  the  coarse  uf  tlie  flupei'stmctiirc 
next  abcive  to  rest  on  tlie  exterior  stoiiee  of  the  top  (course, 

466.  Hydraulic  mortar  ahould  be  used  for  the  toimdalitua, 
and  the  ujiper  ctHU"8eB  of  the  etrocture  should  nut  be  ctini- 
inenced  until  the  mortar  has  partially  set  throughout  the 
entire  fonndation. 

467*  Component  parts  of  Struotures  of  Masonry. 
These  may  bo  divided  into  several  elasseg,  acc€>rding  to  th© 
eflforts  they  sustain ;  their  forms  and  diraenBions  depeuding  on 
these  efforts. 

let.  Those  which  sustain  only  their  own  weight,  and  are  not 
liable  to  any  cross  strain  npon  the  Idocks  of  which  they  are 
formed,  as  the  walls  of  enclosures. 

2d.  Those  wliieh,  be&ides  tJieir  own  Tveightj  sustain  a  veiti- 
cal  pressure  arising  from  a  weight  home  by  them,  as  the  walk 
of  edifices,  columns,  the  piers  of  arches,  &c. 

3d.  Thcjee  which  sustain  lateral  pressures,  and  cross  strains 
upon  the  blocks,  arising  from  the  action  of  the  earth,  w^ater, 
fi-ame^  or  arches. 

4th,  Those  which  sustain  a  vertical  upward,  or  dcwnward 
pressure,  and  a  cross  strain,  aa  areas,  lintels,  &c. 

5th.  Those  which  transfer  the  pressure  they  directly  recseive 
to  lateral  points  of  supports,  as  arches. 

468.  Walls  of  Enclosure.  Walls  for  these  purposes 
may  be  built  of  brick,  rubble,  or  dry  stone. 

iirick  walls  are  usually  built  vertically  upon  the  two  faces; 
and  their  thickness  cannot  be  loss  than  that  of  one  brick. 

Rubble  stone  walls  should  never  receive  a  thickness  leaf 
than  18  inches  when  the  two  facea  are  vertical.  Ilondelet,  in 
his  work  PAH  de  Bdtir,  lays  down  a  rule  thnt  tlie  mean 
thickness  of  both  nilible  aud  brick  walls  should  W  ^^  of  their 
height ;  but  rubble  stone  walls  are  rarely  made  so  thin  as  this. 

Dry  stone  walls  should  nr*t  receive  a  less  thickness  than  two 
feet  "When  their  height  exceeds  12  feetj  their  mean  thick- 
ness should  not  be  less  than  ^  of  tlie  height. 

St<*ue  walls  are  usually  buih  with  sloping  faces.  The  batter 
should  not  be  greater,  wlien  the  stones  are  cemented  with 
mortar,  than  one  baee  to  six  perpendicular,  in  order  tliat  the 
rain  may  nm  rapidly  fi^om  the  surface,  and  that  the  wall  be 
no*  tec  much  exixised  to  decay  from  the  gennination  of  seeds 
which  may  lodge  in  llie  joints. 

The  batter  is  arranged  either  by  building  the  wall  in  oflFseta 
from  top  to  l>ott^m,  or  by  a  uniform  surface.  In  cither  case, 
the  thicKuess  of  the  wall  at  top  sliould  not  be  less  than  from 
6  to  12  inchea. 
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When  a  .rail  ia  built  with  an  equal  batter  on  ea<?h  face,  and 
the  thickness  at  the  top  and  tlie  mean  thickness  are  fixed,  th6 
hose  of  the  wally  or  its  thickness  at  tiie  bottom,  will  be  found 
hy  8\wtrtictifig  the  thick /leas  at  top  from  twice  the  mean  thick- 
ness. This  rule  evidently  make:*  the  batter  of  the  wall  de- 
pend upon  the  two  preceding  dimensiond. 

The  mean  thickness  of  long  walls  may  be  advantai^eonsly 
dimiuislied  by  placing  coimterforts,  or  bottree^es,  upon  eaen 
face  at  equal  di&tances  along  the  line  of  the  wall.  These  ai-e 
Bpurs  of  mastmry  projecting  some  lene^h  from  the  wall,  and 
are  fintily  connected  with  it  by  a  suitable  bond.  The  horizon- 
tal section  of  the  counterforts  may  be  rectangular ;  their 
height  should  be  the  same  as  that  of  the  wall. 

4S9.  Vertical  Supports.  These  consist  of  walls,  columns, 
or  pillars,  according  to  circunistances.  The  dimensions  of 
the  coui-ses  of  masonry  which  comjjoeo  the  supports  should  be 
rt*gulated  by  the  weiglit  l>orne.  it,  as  in  the  walla  of  edifices, 
the  resultant  of  the  efforts  sustained  by  the  wall  should  not 
be  vertical,  it  must  not  intersect  the  base  of  the  wall  so  near 
the  outer  edge,  that  the  stone  forming  the  lowest  course  would 
be  in  danger  of  being  crushed. 

Cross  walls  between  the  exterior  walls,  as  the  partition 
walls  of  edifices,  sliould  be  regarded  as  counterforts  which 
strengthen  the  main  walla. 

470.  Areas.  The  term  area  is  applied  to  a  ms^s  of 
masonry,  usually  of  a  uniform  thickness,  laid  over  tire  ground 
enclosed  by  the  foundations  of  walla.  It  seldom  happens  that 
areas  have  an  upward  pressure  to  sustain.  Whenever  this 
occurs,  as  in  the  case  of  tlic  bottoms  of  cellars  in  conimnnica* 
tion  with  a  head  of  water  which  t^anses  an  npward  pressure, 
the  thickness  and  arrangement  of  the  area  should  be  regulated 
to  resist  this  pressui^e.  ^Vlieu  the  pressure  is  consideral^le,  an 
area  of  nniform  thickness  may  not  oe  sufficiently  strong  to  en- 
eure  safety ;  in  tliis  case  an  inverted  arrh  must  be  used.  The 
foundation  of  the  Capitol  building  at  Albany,  N.  T,,  rests  on 
an  immense  areu^  which  is  formed  of  successive  kyei-s  of 
broken  stone  and  concrete,  making  an  area  of  several  feet  in 
thickness.  The  first  stones  of  the  piers  are  very  large  and 
flat  and  nearly  cover  tlie  whole  area  so  that  there  is  HttlG 
or  no  danger  or  an  upward  pressure. 

471.  Retaining  or  Sustaining  Walls.  These  terms  arc 
applied  to  walls  which  sustmn  a  lateral  pressure  fi'om  an 
embankment,  or  a  head  of  water. 

472.  Retainino^  walls  may  yield  by  sliding  either  along  the 
M^c  <  )f  the  foundation  cum-Bes,  or  along  one  of  the  horizuutal 
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joints,  or  by  rotation  about  the  exterior  edge  of  flome  one  ol 
the  horizontal  joints,  or  the  line  of  fracture  may  be  obliqrio 
to  tlie  ham. 

473.  The  determination  of  the  form  and  dimensions  of  a 
retaining  wall  for  an  embankment  of  earth  is  a  problem  of 
considerable  irjlricaey,  and  the  mathenmtical  sohitiuna  whieli 
have  been  given  of  it  have  generally  been  confined  to  partieu- 
lar  cases,  f\jr  which  approximate  resnlts  alone  have  been  ob- 
tained ;  t!iei?e,  however,  present  sufficient  aeciiracy  fi>r  all 
practical  purp<>6e8  within  the  limits  to  which  the  solutions  are 
applicable.  Among  the  many  solutions  of  this  problem,  those 
given  by  M.  Poncelet,  <»f  the  Corps  of  French  Military  En* 
gineers,  in  a  Memoir  cm  this  subject,  published  in  the  Me- 
m4}rial  rf<?  VOffider  du  Genie,  No.  10,  pi-eaent  a  degree  of  re- 
search and  completeness  wliich  peculiarly  characterize  all 
the  writings  of  this  gentleman,  ami  have  given  to  his  produe 
tions  a  claim  to  the  fullest  confidence  of  practical  men. 

The  following  fonnul a,  applicable  to  cases  of  rotation  about 
the  exterior  edge  of  the  lowest  horizontal  joint,  are  taken  from 
the  memoir  above  cited* 

Calling  11,  the  height  BO  (Fig.  65)  of  a  wall  of  unifonn 
thickness,  the  face  and  back  being  vertical 
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with  th«  flic*  «rnl  buck  v(»rtlcBl, 
r,  tocdoD  of  thft  embankmeiit  »boTe  tlie  wall. 
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A,  tlie  mean  height  CG  of  the  embankment,  retained  by  the 
wall,  ahove  the  top  of  the  wall. 

Cj  the  oerm  DI,  or  distance  between  the  foot  of  the  embank- 
ment and  the  onter  edge  of  the  top  of  tfie  wall 

a,  the  angle  between  the  line  of  the  natural  slope  BN  of  tlie 
earth  of  tlic  embankment  and  tlie  vertical  BCr. 

J*  =cot.  iu  the  co-efficient  of  friction  of  tJie  earth  of  the  em 
bankment. 

w,  the  weight  of  a  cubic  foot  of  the  earth. 
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u>',  the  weight  of  a  cubic  foot  of  the  masonry  of  the  walL 
b,  the  ba£e  AB,  or  thicknesB  of  the  wall  at  bottom. 
Then, 

»=0.74  tan.  io*/-/A+1.126H)  +  0.0488A  —  0.56c  tan.  a{^ 

-0.6%)  d- 0.25). 
w     H 

The  above  fonnula  gives  the  value  of  the  base  of  a  wall 
with  verticjJ  faces,  within  a  near  degree  of  approxiiuatiun  to 
the  true  result,  only  when  the  vahica  of  tlic  quantities  which 
enter  iiito  it  are  confined  withiD  certain  limits*  These  hnuta 
are  as  foUowB :  for  A,  between  0  and  H  ;  t\  between  0  and 
JH ;  y^  between  0.6  and  1.4,  which  correBjKnid  to  valuer  ot  a 
of  70^  and  35%  being  in  the  one  case  the  angle  whieh  the  line 
of  the  natural  slope  of  very  fine  dry  eand  afiaumes,  and  in  Ibe 
other  of  heavy  clayey  eaith ;  and  for  Wj  between  w\  and  ^w'. 
Besides  these  limite,  the  formula  also  rests  on  the  assumption 
that  the  moment  of  the  pressure  against  the  wall  is  i3V2 
times  the  moment  of  strict  equilibrium  between  it  and  the 
walL  This  excess  of  stability  given  to  the  wall  supposes  an 
6X0686  of  resistance  above  the  pressure  against  it  equal  to 
what  obtains  in  the  retainiug  walls  of  Vauban,  for  fortifica- 
tions which  have  now  stood  the  test  of  moi'e  than  a  century 
with  security* 

474.  Having  by  the  preceding  formula  calculated  the 
value  of  J  for  a  vertical  wall,  the  base  6*  of  anidier  waJl,  pre- 
fienting  equal  stability,  but  having  a  batter  on  the  face,  the 
back  being  vertical,  which  is  the  usual  form  of  the  cross  sec- 
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tion  of  retaining  walls,  can  be  calculated  from  the  following 

notation  and  formula. 

CaUiug  (Fig.  ^6)  b*  the  ba^e  of  the  slopiDg  wall 
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Ad 
^  _  _-  the  batter,  or  mtio  of  the  base  of  the  dlo]>e  to  tLt 

perpendicular^  or  height  of  the  wall. 
Then, 

475.  With  regard  to  slidinff  eitlicr  on  the  base  of  the 
foimdation  courBC^,  or  on  the  l>eduf  any  of  tlie  horizontal 

1*oint8  of  the  wall,  M.  Poncelet  fihowB,  in  the  memoir  cited,  j 
jy  a  comparison  of  the  results  obtained  fi-om  cak'ulationa 
made  under  tlie  suppositions  both  of  rotation  and  sliding, 
that  no  danger  need  oe  apprehended  from  the  latter,  when 
the  dimensions  are  calculated  to  conform  to  the  former,  so 
long  as  the  limits  of  h  are  taken  between  0  and  41 1 ;  particu- 
larly if  the  precaution  be  taken  to  allow  the  mortar  of  the 
masonry  to  set  firmly  before  forming  the  embankment  behind 
tlie  wall. 

476.  Mr.  C,  S.  CouBtable  read  a  paper  before  the  American 
Society  of  Cinl  Engineers  in  New  York,  in  18T3,in  which  he 
showed  by  means  of  a  model  and  experiments  that  the  prism 
which  produces  the  maximum  thrust  or  pressure  wjis  less  than 
GCD,  The  wall,  when  composed  of  Dlocks,  will  not  turn 
over  bodily  about  the  outer  edge,  but  there  will  be  a  broken 
line  of  fracture  as  shown  by  the  heavy  line  in  (Fig.  67),  the 
general  direction  of  which  corresponds  to  tlie  natural  slope 
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of  the  earth,  although  tht*  two  have  not  necessarily  the  same 
direction.  This  being  the  case,  it  is  evident  that  a  portion  of 
the  prism  GCD  will  not  be  active  in  overturning  tlie  wall,  but 
on  the  otlrcr  liand  will  lirevent,  or  tend  to  prevent,  a  portion 
of  the  back  of  the  wall  from  moving  with  the  main  part 
As  a  result  of  this  investigation  it  is  evident  that  the  for- 
mnlas  which  are  founded  on  the  supposition  that  the  whole  of 
tlie  prism  GCD  is  active  in  producing  a  rotation  of  the  wall 
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err  on  the  safe  sidej  and  give  an  imneeessarily  large  margin 
for  safety. 

HiB  experiraents  also  showed  that  the  wall  might  start  to 
fall  but  not  fall,  and  that  it  required  considerable  jarring  to 
cause  it  to  fall.  When  the  movement  began  the  face  did  not 
remain  plane  but  became  curved.  This  shows  why  in  pracs- 
tice  walls  have  assumed  a  curved  face,  and  yet  stand  securely 
for  many  years.  After  a  sliglit  movement  has  taken  place, 
the  pressure  due  to  tlie  earth  is  slightly  relieved,  and  the 
whole  mass  takes  up  a  new  position  of  equilibrium,  until 
finally  the  earth  neany  supports  itself 

477.  Form  of  Section  of  Retaining  Walls.  The  more 
usual  form  of  cross  section  is  that  in  which  the  back  of  the 
wall  is  built  vertically,  and  the  face  with  a  batter  varying 
between  one  base  to  six  perpendicular,  and  one  base  to 
twenty-four  perpendicular.  The  former  limit  having  been 
adopted,  for  the  reasons  already  assigned,  to  secure  the  joints 
from  the  efifects  of  weather ;  and  the  latter  because  a  wall 
having  a  face  more  nearly  vertical  is  liable  in  time  to  yield 
to  the  effects  of  the  pressure,  and  lean  forward. 

478.  The  most  advantageous  form  of  croes  section  for 
econ>my  of  masonry  is  the  one  (Pig.  68)  termed  a  leaning 
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retaining  wall.  The  counter  slope,  or  reversed  batter  of  the 
back  of  the  wall,  should  not  be  less  than  six  perpendicular  to 
one  base.  In  this  ease  strength  requires  that  tne  perpendi- 
cular let  fall  fi*om  the  centre  of  gravity  of  the  section  upon 
die  base,  should  fall  so  far  within  the  inner  edge  of  the  base, 
that  the  stone  of  the  bottom  course  of  the  foundation  may 
present  sufficient  surface  to  bear  the  pressure  upon  it. 

479.  Walls  with  a  curved  batter  (Fig,  69)  both  upon  the 
face  and  back,  have  been  used  in  England,  by  some  engineei's, 
for  quays.    They  present  no  peculiar  advantages  in  strenglli 
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over  walls  with  plane  faces  and  liacks,  and  require  paiiicular 
cait3  in  arranging  the  bond,  and  fitting  the  stonefl  or  bricki 
of  the  face. 
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480.  Measures  for  Inoreasing  the  Strength  of  Retain- 
ing Walls,  These  consist  in  tlio  addition  of  connterfortB, 
in  the  use  of  relieving  arches,  and  in  the  modes  of  forming 
the  embankment. 

481*  CouBterforta  give  additional  strength  to  a  retaining 
wall  in  several  ways.  By  dividing  tlie  whole  line  of  the  wall 
into  shorter  lengths  between  each  pair  of  t'ounterforfs,  they 
prevent  the  horizontal  conj-sesof  tlie  wall  fixmi  yielding  to  tlie 
prei^ure  of  the  earth,  and  bulging  oiUward  between  the  ex- 
treniitiea  of  the  walls ;  by  receiving  the  pressure  of  the  earth' 
on  the  baek  of  thes  connterfort,  instead  uf  r>n  the  eorrefi|.Kjnd- 
ing  portion  of  the  back  of  the  wall,  its  effect  in  prcdncing 
rotation  abont  the  exterior  ftx>t  of  the  wall  is  diminished;  the 
sides  of  the  counterforts  acting  as  abutments  to  the  mass  of 
earth  between  them  may,  in  the  case  of  Hand,  or  like  soil, 
:mim  the  portion  of  the  wall  between  the  conntei^foi'ts  to  be 
relieved  from  a  part  c>f  the  pressure  of  the  earth  behind  it, 
owing  to  the  manner  in  which  the  partit-lcs  of  sand  become 
buttressed  against  each  other  when  coiitined  laterally,  and 
offer  a  resistance  to  pressure, 

482.  The  horizontal  section  of  counterforts  may  be  either 
rectangular  or  tmpezAiidal  When  placed  against  the  back  of 
a  wall^  the  rectangular  form  offei-s  the  greater  stability  in  the 
case  of  rotation,  aud  is  more  economical  in  construction;  the 
Crapezoidal  form  gives  a  bixmder  and  therefore  a  ffnner  con- 
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neitk^n  between  the  wall  and  counterfort  than  tbe  rectAiigular^ 
a  point  of  some  consideration  where,  from  the  character  of 
the  materials,  the  strength  of  this  connection  raost  mainly  de- 
fiencl  upon  the  strength  of  the  mortar  need  for  the  masonry. 

^aZ.  ConnterfortB  have  been  chiefly  used  by  military  engi- 
neers for  the  retaining  walls  of  fortilfications,  termed  revSis- 
ments.  In  regulating  tlieir  form  and  dimenaionB,  the  practicse 
of  Vauban  has  generally  been  followed,  which  is  to  make  the 
horizontal  section  of  the  counterfort  trapezoidal,  making  the 
height  of  tbe  trapezoid  efi^ig.  TO)^  which  corresponds  to  tlie 


Pl^.  70— Hepresenti  a  MCtloo  A  *ad  plan  D  ot  k  mtlt  i 
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length  of  the  counterfort,  two-tenths  of  the  height  of  thi 
tDoU  added  to  two  f^ty  the  base  of  the  trapezoid  ai  corre- 
sponding to  the  junction  of  the  counterfort  and  back  of  the 
wallj  one-t^nth  of  the  height  added  to  twofeet^  and  the  side 
cd  which  corresponds  to  the  back  of  the  counterfort  equal  to 
two-thirds  of  the  base  ab.  The  counterforts  ai-e  placed  from 
15  to  18  feet  from  centre  to  centre  along  the  back  of  the 
wall,  according  to  the  strength  required, 

484.  In  adding  counterforts  to  walls,  the  practice  has  m- 
nerally  been  to  regard  themonly  as  giving  adaitional  stability 
to  the  walij  and  not  as  a  means  of  diminishiiig  its  volume  of 
masonry  or  which  the  addition  of  the  counterforts  ought  tc 
admiU 

485.  Uddeving  Arches  are  so  termed  from  their  preventinff 
i  portion  of  the  embankment  from  renting  agminst  the  bacE 
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of  the  wall,  and  thoB  lelieving  it  from  a  part  of  the  preBPnre 
Tliey  consist  (Fig,  71)  of  one  or  more  tiers  of  brick  archei 
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built  tipor.  ooBEterforte,  which  act  as  the  piers  of  the  arches. 
In  arranging  a  combination  of  relieving  arches  and  their 
piers,  the  latter,  like  ordinary  counterforts,  are  placed  about 
lb  feet  apart  between  their  centre  lines  ;  their  length  should 
be  so  regulated  that  the  earth  behind  rlieni  restiug  on  the 
arches,  and  falling  under  them  with  the  natural  slope,  shall 
not  reach  tho  wall  between  the  arch  and  the  foot  of  the  back 
of  the  wall  below  the  arch.  The  thickness  of  the  arches,  aa 
well  as  that  of  the  counterforts,  v^ill  dei>end  upon  the  weight 
which  the  arches  anetain.  The  dirnensioni*  of  the  wall  will 
be  regulated  by  the  decreased  pres&nre  against  it  caused  by 
tlie  action  of  the  arches,  and  the  point  at  wlilch  this  pressure 
acts. 

486.  Whenever  it  becomes  necessary  to  form  the  embank- 
ment before  the  rnortar  of  the  retahiiiig  wall  has  had  time  to 
Fier  firmly,  tlie  portion  of  the  embankment  next  to  the  wall 
may  he  of  a  compact  binding  earth  placed  in  layers  inclining 
downward  from  the  back  ot  the  wall,  aud  well  rammed  ;  or 
of  a  stiff  mortar  made  either  of  clay,  or  sand,  with  about  ^th 
in  bulk  of  lime.  Instead  of  bringing  the  embankment  di- 
rectly a^iust  the  back  of  the  wall,  dry  stone,  or  fascines  may 
be  laid  in  to  a  suitable  depth  back  from  the  wall  for  the  same 
purpose.  The pTecuuiiim,,  hmmver^  of  Maicing  the  mortar 
to  setfirmhj  before  forming  the  mnhdnkmentj  should  never  be 
omitted  except  in  cases  of  eo^rems  uraen^ij^  and  then  the 
bond  of  the  masonry  fihould  be  an^anged  with  peculiar  care, 
to  prevent  disjunction  along  any  of  the  horizontal  jninte, 

487,  Walls  built  to  sustain  a  pressure  of  water  should  be 
regulated  in  form  and  dimensions  like  the  retaining  walls  of 
embankments.  The  buoyant  effort  of  the  water  must  be 
taken  into  account  in  deteririuiug  the  dimensions  of  the 
wallj  whenever  the  masonry  is  so  placed  as  to  be  partially 
immeraed  in  the  water. 
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488.  Heavy  walla,  and  even  those  of  ordinary  dimengions, 
when  exposed  to  moisture,  should  be  laid  in  hydraulie  mortar. 
Grout  has  been  tried  in  laying  heavy  rubble  walls,  but  with 
decided  want  of  success,  the  successive  drenchings  of  tlie 
stone  causing  the  sand  to  separate  from  the  h'rae,  leaving 
when  dry  a  weak  porous  mortar.  When  the  stone  is  laid  in 
full  mortar,  grout  may  be  used  with  advantage  over  each 
course,  to  fill  any  voids  left  in  tJie  mass. 

488.  Baton  has  frequently  been  used  as  a  fiUing  between 
the  back  and  facing  ot  water-tight  walls ;  it  presents  no  ad- 
Tantage  over  walls  of  cut,  or  rul>ble  st^^ne  laid  in  hydraulic 
mortar,  and  causes  unequal  settling  in  the  parts,  unless  great 
care  is  taken  in  the  constrnction. 

490.  When  a  weight,  arising;  from  a  mass  of  masonry  or 
earth,  rests  up<_»n  two  or  more  isolated  supports,  that  portion 
of  it  which  18  distributed  over  the  space,  or  bearing  between 
any  two  of  the  suppoi'ts,  may  be  bonie  by  a  block  of  stone, 
termed  a  lintel^  laid  horizontally  upon  the  supports,  by  a 
combination  of  blocks  tenned  ajfiute-bande^  so  arranged  as  to 
resist,  without  disjunction,  the  pressure  upon  them ;  or  by  an 
arch* 

481.  Lintel  Owing  to  the  slight  resistance  of  stone  to  a 
cross  strain,  and  to  sliocks,  lintels  of  ordinary  diuiensions 
'mnnot  be  used  alone  with  safety,  for  beanngs  over  five  or 
six  feet  For  wider  bearings,  a  slight  brick  arch  is  thi-own 
across  the  lM*aring  above  the  lintel,  and  thus  relieves  it  from 
the  pressure  of  the  partin  above, 

492.  Plate-bande.  The  plate-bande  is  a  combination  of 
blocks  cut  in  the  form  of  truncated  wedges.  From  the  form 
of  the  blocks,  the  pressure  thrown  upon  them  fmuses  a  lateral 
pressure  which  must  be  sustained  either  by  the  supports,  or 
by  some  other  arrangement  (Fig.  72). 
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Tht5  plate-bande  should  be  used  only  for  narrow  bearinga, 
as  the  upper  eiiges  of  the  lilocks  at  the  acute  angles  are  liable 
to  splinter  from  tlie  pressure.  If  the  bearing  exceeds  10 
feet,  the  plate-bande  snould  be  relieved  from  the  pressure 
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by  a  bnck  arch  above  it.  Additional  means  of  stren^eninj? 
tlie  plate-bande  are  sometimc&  used  hy  forming  a  broken  joint 
between  the  blocks,  or  by  a  projeetioii  made  on  the  face  oi 
one  l»lock  to  fit  into  a  corres|ii>nding  indent  in  the  adjacent 
one.  or  by  connecting  the  blocks  wiS)  iron  b<:>lt8. 

When,  from  any  cause,  the  supports  cannot  be  made  suffi- 
ciently strong  to  resist  the  lateral  pressure  of  tlie  plate-bande, 
the  extreme  bliicks  must  be  united  by  an  iron  bar,  termed  a 
tie^  suitably  arranged  to  keep  the  blocks  from  yielding, 

493.  Arches,  The  arch  la  a  combination  of  wedge-shaped 
blocks,  termed  arcA  Bton69y  or  voussoirs^  truncatea  towards 
the  angle  of  the  wedges  by  a  curved  surface  which  is  uenally 
iKirmal  to  the  surfaces  of  the  joints  between  tlie  blocks. 
Tills  inferior  surface  of  the  arch  is  termed  the  soffit  The 
upper  or  outer  surface  of  the  arch  is  termed  the  hade 
(Kg.  73). 
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494.  The  extreme  blocks  of  the  arch  rest  against  lateral 
supports,  termed  ahutmenfSy  which  sustain  both  the  vertical 
pressure  arising  from  the  weiglit  of  the  arch  etnuns^  and  the 
weight  of  whatever  lies  upc^n  them  ;  al&o  the  lateral  pre8sui*e 
caused  by  the  action  of  the  arch. 

495.  In  a  range^  or  series  of  arches  placed  side  by  side, 
the  extreme  supports  are  termed  the  aluitments,  tlie  interme- 
diate supports  wliich  sustain  the  intermediate  arcliPS  and  the 
halves  <if  tlie  two  extreme  ones  are  tevm^A  piers.  When  tho 
•ize  of  the  arches  is  the  same,  and  their  springiT^^  linc^  are 


in  tTie  sarao  horizontal  plane,  the  piers  receive  no  other  jireB- 
Biire  but  that  arising  from  the  weight  of  the  arches. 

496.  Arclies  are  classified.  fi*om  the  form  of  the  soffit,  into 
cyliftdricul,  conical^  conoidal^  warped^  annular^  *jroin4xiy  cl4}is- 
tered,  and  domes*  They  are  also  termed  ria/Uj  oUujue^  or 
askewy  and  rampant,  from  their  direction  with  respect  to  a 
vertical,  or  horizontal  plane. 

497.  C  vlindrical,  gr<:*iued  and  cloistered  arches  are  formed  by 
the  intersections  of  two  or  more  cyliudrical  arches.  The 
Bpan  of  the  arches  may  be  different,  bnt  the  rise  is  the  same 
in  each.  The  axes  of  the  cylinders  will  be  in  the  same  plane, 
and  they  may  intersect  under  any  angle. 

The  groined  arch  (Fig.  74)  is  formed  by  removing  those 
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portions  of  each  cylinrkr  which  He  nnder  the  other  and  be 
tween  their  common  curves  of  intersection  ;  thus  foiTning  a 
projectinor,  or  salient  ed"^  on  ttie  soffit  along  these  curves. 

The  cloistered  arch  (1^  ig.  75)  is  formed  by  removing  those 
portions  of  each  cylinder  which  are  above  the  other  and  ex- 
terior to  their  common  intersection,  forming  thns  re-entering 
angles  along  the  same  lines. 

498.  The  planes  of  the  joints  in  both  of  these  arches  are 
placed  in  the  same  manner  as  in  the  simple  cylindrical  arch. 
The  inner  edges  of  the  corresponding  course  of  vonssoirs  in 
each  arcli  are  placed  in  the  same  plane  parallel  to  that  of  the 
axes  of  the  cylinders.  The  portions  of  the  soffit  in  each  cyl- 
inder, corresponding  to  each  conree  of  voussoira,  which  form 
cither  the  groin  in  the  one  case,  or  the  re-entering  angle  in 
the  other,  are  cut  from  a  single  stone,  to  presen*.  no  joint 
along  the  common  intersection  of  the  arcnoe,  and  to  give 
Ihem  a  finner  bond 
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409.  When  the  8}mii8  at  the  two  ends  of  an  arch  are  un- 
equal, hut  the  riso  18  the  Bame,  then  the  soffit  of  the  arch  is 
made  of  a  conoidal  surface.  The  curves  of  right  section  at 
the  two  enda  may  ho  of  any  figure,  but  are  usually  taken 
from  mma  variety  of  the  elliptieal,  or  oval  curves.  The 
soffit  is  foiTiied  hy  moving  a  line  upon  the  two  curves,  and 
parallel  to  tlic  plane  containing  tlieir  spans 

The  eonoidal  arch  l>elr.nga  to  the  clasB  with  warped  soffits. 
A  variety  of  warped  surfaces  may  be  need  for  soffits  accord- 
ing to  circumstances ;  the  johits  and  the  hond  depending  on 
the  generation  of  the  surface. 

500.  In  arranging  the  joints  in  conoidal  arches,  the  heading 
joints  are  contamea  in  planes  peq^endicular  to  the  axis  oi 
the  arch.  The  coursing  joints  are  also  formed  of  plane  sur- 
faces, so  arranged  that  tlie  portion  of  the  joint  corresponding 
to  each  block  is  formed  by  a  plane  normal  to  the  conoid  at 
the  middle  point  of  the  lower  edge  of  the  block.  In  this  way 
the  jrjinta  of  tlie  string  course  will  not  be  formed  of  cnntin- 
uons  suifaees.  To  make  them  b(\  it  would  be  necessary  to 
give  them  the  form  of  wai^Jed  surfaces,  which  present  more 
difljculty  in  their  mechanical  execution,  and  not  sufficient  ad* 
vantages  over  the  method  just  explained  to  compensate  for 
having  t!iem  continuous, 

501.  The  annular  arch  is  formed  hy  revolving  the  plane  of 
a  scmi-eirele,  or  serai-oval^  or  other  curve,  about  a  line  drawn 
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frithout  the  figure  and  parallel  to  the  rise  of  the  arch  (Fig, 
76).  One  series  of  joints  in  tliis  arch  will  be  formed  l>y 
conical  surfaces  passing  through  the  inner  ed^es  of  the 
stones  which  correspond  to  the  string  courses  ;  and  the  other 
series  will  be  planes  passed  through  tJie  axis  about  which  tlie 
semi^circle  is  revolved.  Tliifi  last  series  should  break  jointa 
with  each  other* 
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502.  The  soffit  of  a  dome  is  usually  formed  by  revolving 
the  quadrant  of  one  of  the  usual  curves  of  cylindrical  arches 
around  the  rise  of  the  curve ;  or  else  by  revolving  the  senn*- 
curve  about  the  line  of  the  span,  and  taking  the  lialf  of  the 
surface  thus  generated  for  the  soffit  of  the  dome*  In  the 
first  of  these  case*  the  horizontal  section  of  the  dome  at  the 
springing  line  will  be  a  circle;  in  the  second  the  entire  curve 
of  the  senn-curve  by  which  the  soffit  is  generated.  The  plan 
of  domes  may  also  be  of  regular  poly^nal  figures,  in  wfiich 
ease  the  soffit  will  be  a  poljgnnal-cloiBtered  arch  formed  of 
equal  sections  of  cylinders  (Fig,  77).  The  joints  and  the 
bond  are  determined  in  the  same  manner  as  in  other  arches. 

603.  The  voussoirs  which  form  the  ring  course  of  the 
heads,  in  ordinary  cylindrical  arches,  are  nsimlly  terminated 
by  plane  surfaces  at  top  and  on  the  sides,  for  the  purpose  of 
«x>nnecting  them  with  the  horizontal  courses  of  the  head  which 
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lie  above  and  ou  each  flid©  of  the  arch  (Fip.  78  and  70), 
This  connection  may  be  arranged  in  a  variety  of  ways.  The  twc 
points  to  be  kept  in  view  are,  to  form  a  good  bond  between 
the  vonssoira  and  horizontal  courses,  and  to  give  a  plea&ing 
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architectnral  eflFeut  by  the  arrangement.  This  cannectiun 
Ahonld  always  give  a  symmetrical  appearance  to  the  halves  of 
the  Btructnre  on  each  side  of  the  crown.  To  effect  these 
several  objectB  it  may  be  necessarj%  in  cases  of  oval  ardie«,  to 
make  the  breadth  of  the  vonBsoirs  unequal,  diminishing 
nsnally  those  near  the  springing  lines. 

504.  In  small  arches  the  vonssoii's  near  the  springing  line 
are  so  ent  as  to  fonn  a  part  also  of  the  horizontal  course  (see 
Fig.  78),  forming  what  is  termed  an  elbtm  joint.  This  plan 
is  objectionable,  br>th  because  there  is  a  waste  of  material  in 
forming  a  joint  of  this  kind,  and  the  stone  is  liable  to  crack 
when  tne  arch  settles. 

505,  The  forms  and  dimensions  of  the  voussoirs  shonld  be 
determined    both  by  geometrical  drawings  and    nnraerical 
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calculation  J  whenever  the  an^h  is  important,  or  presents  any 
complication  of  form*  The  drawings  ehoold,  in  the  first  placei 
be  made  to  a  6cale  sufficiently  large  to  determine  the  parts 
with  accuracy,  and  from  these,  pattern  drawings  giving  the 

5 arts  IB  their  tnie  si^e  may  be  made  ior  the  use  of  nie  mason, 
'o  make  the  pattern  drawings^  the  side  of  a  vertical  wall,  or 
a  firm  horizontal  area  may  be  prepai^ed,  with  a  thin  coating 
of  mortar,  to  receive  a  tliin  smooth  coat  of  plaster  of  Paris. 
The  drawing  may  be  made  on  this  surface  in  the  usual  man- 
ner, by  describing  the  curve  either  by  points  from  its  calcu* 
lated  abscissas  and  ordinates,  or,  where  it  is  formed  of  circular 
arcs,  by  using  the  ordinary  instrument  for  describing  such 
arcs  when  the  centres  fall  within  the  limits  of  the  prepared 
surface.  In  ovals  the  positions  of  the  extreme  radii  sliould  be 
accurately  drawn  either  fi-ora  calculation,  or  construction. 
To  construct  the  intermediate  normals,  whenever  the  centres 
of  the  arcs  do  not  fall  on  the  surface,  an  arc  with  a  chord  of 
about  one  foot  may  be  set  off  on  each  side  of  the  point 
through  wliich  the  nonnal  is  to  be  drawn,  and  the  chord  of 
tlie  whole  arc,  tlius  set  off,  be  bisected  by  a  perpendicular. 
TJiis  construction  will  generally  give  a  sufficiently  accurate 
practical  result  for  elliptical  and  other  curves  of  a  large  size, 
506.  The  masonry  of  arcbes  may  be  of  dressed  stone, 
rubble,  or  brick* 

In  wide  spans,  particularly  for  oval  and  other  flat  arches, 
cut  stone  shtjuld  afcne  be  used.  The  joints  should  be  dressed 
with  extreme  accuracy.  As  the  voussoirs  have  to  be  sup- 
ported liy  a  framing  of  timber,  termed  a  cerdre^  until  the 
arch  is  completed,  and  as  tliis  structure  is  liable  to  yield,  both 
from  the  elasticity  of  the  materials  and  the  number  of  joints 
in  the  frame,  an  allowance  for  the  settling  in  the  aich,  arising 
from  these  causes,  is  sometimes  made,  in  cutting  the  joints  of 
the  voussoirs/W'^^,  that  is,  not  according  to  the  true  position 
of  the  normal,  but  from  the  supposed  position  the  joints  will 
take  when  the  arch  has  settlea  thordughly.  The  object  of 
this  is  to  bring  tho  surfaces  of  the  joints  into  perff  ct  contact 
when  the  arch  has  assamed  its  permanent  state  of  equilibrium, 
and  thus  prevent  the  voussoirs  frtun  breaking  by  unequal 
prej^ures  on  their  coursing  joints.  This  is  a  problem  of  con- 
sidefable  difficulty,  and  it  will  generally  be  better  to  cut  the 
joints  true,  and  guard  against  settling  and  its  effects  by  giving 
great  stiffness  to  the  centres,  and  oy  placing  between  the 
joints  of  those  voussoii-s,  where  tlie  principal  movement  takes 
place  in  arches,  sheets  of  lead  suitably  hammei'ed  to  fit  th^ 
|dnt  and  yield  to  any  pi'eesura 
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BOX  The  TnaTiner  of  laying  the  vouseoirB  domands  peciiliai 
care,  particularly  in  those  which  form  the  heads  of  tlie  aruK 
The  poeitions  of  the  inner  edges  of  the  vouBSoira  are  deter- 
nunea  by  fixed  lines,  marked  on  the  abutments,  or  some 
other  immovable  object,  and  the  calculated  distances  of  the 
edges  from  these  lines.  These  distances  can  be  readily  set 
off  by  means  of  the  level  and  plumb-line.  The  angle  of  each 
joint  can  be  fixed  by  a  quadrant  of  a  circle,  connected  with  a 
plumb-line,  on  which  the  position  of  each  joint  is  marked. 

508.  Brick  may  be  nsea  alone,  or  in  combination  with  cut 
stone,  for  arches  of  considerable  size.  When  the  thickness  of 
a  brick  arch  exceeds  a  brick  and  a  half,  the  bond  from  the 
soffit  outward  presents  some  difficulties.  If  the  bricks  are 
laid  in  concentric  layers,  or  shells,  a  continuous  ioint  will  be 
formed  parallel  to  the  surface  of  the  soffit,  which  will  proba- 
blj  yiela  when  the  arch  settles,  causing  the  ahells  to  separate 
(Rg,  80).    K  the  bricks  are  laid  like  ordlinary  string  courses, 
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forming  continnous  joints  from  tlie  soflit  outward,  these  jointa, 
from  the  fonn  of  the  bricks,  will  be  very  o|>en  at  the  back, 
and,  from  the  yielding  of  the  mortar,  tlie  arch  will  be  liable 
to  injury  in  settling  fiTina  this  cause.  Ti>  obviate  both  of  these 
defects,  the  art-h  may  be  built  partly  by  the  tinst  plan  and 
partly  by  the  second,  or  as  it  is  termed  in  shells  and  blocks. 
The  crown,  or  key  of  the  arch  shonld  be  laid  in  a  block,-  in- 
creasing the  breadth  of  the  block  by  two  bricks  for  each 
c<^)ui*8e  from  the  soffit  outward.  These  bricks  should  be  laid 
in  hydraulic  cement,  and  be  well  wedged  with  pieces  of  thin 
hard  slate  between  the  joints. 
609.  When  a  \;ombination  if  brick  and  cut  stone  is  used,  the 
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ring  coiirsoe  of  the  heads,  with  mine  intennediate  ring  oonreeB, 
the  bottom  string  courses,  the  keystone  course,  and  a  few  in- 
termediate string  com-ses,  are  made  of  cut  stone  (Fig.  81),  the 
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intermediate  spaoee  being  filled  in  with  brick.  The  brick 
portions  of  the  soffit  may,  if  necessary,  be  throwxi  within  the 
stone  portions,  forming  plain  caissons. 

510.  The  centres  of  larse  arches  should  not  be  struck  until 
the  whole  of  the  mortar  has  set  firmly.  After  tlie  centres 
are  struck,  the  arch  is  allowed  to  aasume  its  perroancot  state 
of  equilibrium,  before  any  of  the  8upei"structure  is  laid. 

511.  When  tlie  heads  or  tlie  arch  form  a  part  of  an  exterior 
surface,  as  the  faces  i»f  a  wall,  t>r  the  outer  portions  of  a 
bridge,  the  voussoirs  of  the  head  ring  courses  are  connected 
with  the  horizontal  courses,  as  has  been  explained  ;  the  top 
surface  of  the  voussoirs  of  the  intermediate  ring  courses  are 
usually  left  in  a  roughly  drefised  state  to  receive  the  coursee 
of  maisonry  termed  the  capping  (see  Fig.  81),  which  rests 
upon  the  arch  between  tlie  walls  of  the  head.  Before  laying 
the  flapping,  the  joints  of  the  vousst^irs  on  the  back  of  the 
arch  shonld  be  carefully  examined,  and,  wherever  they  are 
found  to  be  open  from  the  settling  of  the  arch,  they  sliouid 
be  filled  up  with  fioft-tempered  mortar,  and  by  driving  in 
pieces  of  hard  slate.  The  capping  may  bo  %*arionsly  formed 
of  rubble,  brick,  or  beton.  Where  the  arches  are  exposed  to 
the  filtration  erf  rain  water^  as  in  those  used  for  briages  and 
tlie  casemates  of  fortifications,  the  capping  should  be  oi  beton 
laid  in  layers,  and  well  rammed,  with  the  usual  pi^cauttoni 
for  obtainmg  a  solid  homogeneous  mass. 

512.  The  difliculty  of  forming  water-tight  cappings  <>t 
masonry  has  led  engineers,  within  a  few  yeare  bacK,  to  try  a 
coating  of  asphalte  upon  the  surface  of  beton.     The  surface 
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of  the  beton  capping  is  made  nniform  and  smooth  by  the 
trowel,  or  float,  and  the  mass  ib  allowed  to  become  tboronghly 
dry  before  the  asphalte  is  laid.  Aspbalte  is  usually  laid  on  in 
two  layei'8.  Before  applying  the  first,  the  minace  of  the 
beton  should  be  thorouglily  eleanded  of  dust,  and  receive  a 
coating  of  mineral  tar  applied  hot  ^ith  a  swab.  Thi&  appli- 
cation of  hot  mineral  tar  is  said  to  prevent  the  fonnation  of 
air  bubbles  in  the  layers  of  aspbalte  which,  when  present, 
permit  the  water  to  percolate  through  the  masonry.  The  first 
layer  of  aspbalte  is  laid  on  in  squares,  or  thin  blocks,  care 
being  taken  to  form  a  perfect  union  between  the  edges  of 
the  squares  by  pouring  the  hot  liquid  along  them  in  forming 
each  new  one.  The  surface  of  the  fii'St  layer  is  made  uni- 
form, and  nibbed  until  it  becomes  smcKith  and  hard  with  an 
ordinary  wooden  float  In  laying  the  second  layer,  the  same 
precautions  are  taken  as  for  the  first,  the  squares  breaking 
joints  with  those  of  the  first.  Fine  sand  is  strew^ed  over  the 
earface  of  the  top  layer,  and  pressed  into  the  aspbalte  before 
it  becomes  hard. 

Coverings  of  aspbalte  have  been  used  both  in  Europe  and 
in  our  military  structures  for  some  years  back  with  decided 
gucc^BS.  Them  have  been  failures,  in  some  instances,  arising 
in  all  probability  either  fjx)m  using  a  bad  material,  or  from 
some  fault  of  workmanship. 

613.  In  a  range  of  arches,  like  those  of  bridges,  or  case- 
mates, the  capping  of  each  arch  is  shaped  witi  two  inclined 
surfaces,  like  a  common  roof.  The  bottoms  of  these  surfaces, 
by  their  junction,  form  guttera  where  the  water  cjoUects,  and 
from  which  it  is  conveyed  off  in  conduits,  fcjrmed  either  of 
iron  pipes,  i>r  of  vertical  openings  made  tJirough  the  masonry 
of  tlie  piers  which  cf>mmunicate  with  horizontal  covered 
drains.  A  small  arch  of  sufficient  width  to  admit  a  man  to 
examine  its  interior,  or  a  square  culvert,  is  formed  over  the 
gutter.  When  the  spaces  between  the  head  walls  alx>ve  the 
capping  is  filled  in  with  earth,  a  series  of  drains  ninning 
from  tl»e  top,  or  rvhs  of  the  capping,  and  leading  into  the 
main  gutter  drain,  should  be  formed  of  hrifk.  They  may  he 
best  made  by  using  dry  brick  laid  fiat,  and  with  intervals  left 
for  tlie  dniins,  these  being  covered  by  other  courses  of  dry 
brick  with  the  jointB  in  some  degree  open.  The  earth  is  filled 
in  upon  the  upper  course  of  bricks,  wnich  should  be  so  laid 
as  to  form  a  loiiform  surface. 

514.  From  observatious  taken  on  the  manner  in  which 
large  cylindrical  arches  settle,  and  experiments  made  on  a 
imsll  scale,  it  appears  that  in  all  cases  of  arches  where  the 
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riwi  18  eqtial  to  or  less  than  the  half  si>an  thev  yield  (Fig,  82) 
by  the  crown  of  the  arch  falling  inward,  and  thrusting  oiitr 
ward  the  lower  portions,  present! n*^  five  joints  of  rupture, 
one  at  the  keystone,  one  on  each  side  of  it  which  h'niit  the 
portitms  that"  fall  inward,  and  one  on  each  side  near  the 
lines  which  limit  the  parts  thrust  outward.     In 
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pointed  arches,  or  those  in  which  the  rise  is  greater  than  the 
half  span,  the  tendency  to  yielding  is,  in  some  cases,  differ- 
ent; here  the  lower  parts  may  fall  inward  (Fig.  SJd)y  and 
thrust  upwai*<J  and  outward  the  parts  near  the  crown. 


Ftff.  S&^Kepraientt  tSi«  mBnaur  in  wbSdi  polnttd 
Tb«  lecten  xmia  to  ttsam  poiate  u  in  Fig.  SI 


The  angle  which  a  line  drawn  from  the  centre  of  the  arch 
to  the  joint  of  rupture  makes  with  a  vertical  line  is  called 
the  an^l^e  of  rupture.  This  term  is  also  used  when  the  arch 
is  stable,  or  when  there  is  no  joint  of  nipture,  in  %vhich  case 
it  refers  to  that  point  about  which  there  is  tJie  greatest  ten* 
dency  to  rotate.  It  may  also  be  defined  as  including  tlmt 
portion  of  tlie  arch  near  the  crown  which  will  cause  the 
greatest  thruet  or  horizontal  pressure  at  the  crown.  This 
thrust  tends  to  crush  the  von^sotrs  at  the  crown,  and  also  to 
overturn  the  abutments  about  some  outer  joint.  The  thrust 
is  rarely  suflicient  to  crush  ordinary  stone.  The  most  ci>m' 
mon  mode  of  failure  is  by  rupturing,  or  turning  al>out  a  joint 
In  very  thick  arches  rupture  may  take  place  from  slijjping 
on  the  joints. 

515.  The  joints  of  rupture  below  the  keystone  vary  in 
arches  of  different  thicknesses  and  forms,  ana  in  the  same 
arch  with  the  weight  it  sustains, 

516.  The  nroblera  for  finding  the  joints  of  rupture  by  cal 
culation,  ana  the  consequent  tiiickness  of  the  abutments  ne- 
oeiBary  to  preserve  the  arch  from  yielding,  has  been  solved 
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by  a  number  of  writers  on  the  thoory  of  the  eqiiilibriunr  of 
arches,  and  tables  for  effecting  the  necessary  nunierieal  eal 
culafious  nave  been  drawn  up  from  tlieir  results  to  abridge 
the  labor  in  each  case. 

517,  In  cloistered  arches  the  abutments  may  be  less  than 
in  an  ordinary  cylindrical  arch  of  the  same  length ;  and  in 
gri»ined  arches,  in  calculating  the  resistance  offered  bv  the 
abutments,  the  c/^unler  rci^istance  offered  by  the  weight  of 
one  ptjrtion  in  resisting  the  thrust  of  the  other,  must  be  taken 
into  consideration. 

518.  When  abutments,  as  in  the  case  of  edificeSj  require  to 
be  of  considerable  height,  and  therefore  would  demand  ex- 
traordinary  thickness,  if  used  alone  to  sustain  the  thrust  of 
the  arch,  they  may  be  strengthened  by  the  addition  to  their 
weight  made  in  carrying  them  up  above  the  imposU  like  the 
hatihmenta  and  pimia^l^  in  Gothic  architecture  ;  by  adding 
to  them  ordinary,  full,  or  arched  buttresses,  termed  Jlyhig 
buttresses  :  or  by  using  tics  of  iron  connecting  the  vonssoirs 
near  the  joints  of  rupture  below  the  keystone,  Tie-rt>d8  are 
evidently  the  safest  expedient.  The  employment  of  these 
different  expedients,  their  fonns  ami  dimensions,  will  depend 
on  the  character  of  the  structure  and  the  kiiid  of  arch.  The 
iron  tie,  for  example,  cannot  be  hidden  fmm  view  except  in 
the  plate-bande,  or  in  very  Hat  segment  arches,  and  wherever 
its  appearance  would  be  unsightly  some  other  expedient  must 
be  tried. 

Circular  rings  of  iron  have  been  used  to  strengtiien  the 
abutments  of  domes,  by  confining  the  lower  coui-ses  of  the 
dome  and  relieving  the  abutment  rrom  the  thrust. 

519*  In  a  range  of  arches  of  unequal  size,  the  piers  will 
have  to  sustain  a  lateral  pressure  occasioned  by  the  unequal 
horizontal  thrust  of  tlie  arches.  In  arranging  the  form  and 
dimensions  of  the  piers  this  inequality  of  thrust  must  be 
estimated  for,  taking  also  into  consideration  the  position  of 
the  impoetfl  of  the  unequal  arches, 

620.  Preoautions  ag^ainst  Settling.  One  of  the  most  dif- 
ficult and  important  problems  in  the  coustructiou  of  maMonry, 
is  that  of  preventing  unequal  settling  in  parts  which  require 
to  be  connected  but  sustain  unequal  weights,  and  the  conse- 
quent  ruptures  in  the  masses  arising  from  this  cause.  To 
obviate  tnis  difficulty  reouires  on  the  part  of  the  engineer  no 
amall  degree  of  practical  tact.  Several  precautions  must  be 
taken  to  diminish  as  far  as  practicable  the  danger  from  un- 
equal settling.  Walls  sustaniing  heavy  vertical  pressures 
tliould  be  built  up  unifonuly,  and  with  gi*eat  attention  to  th^ 
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bond  and  correct  fitting  of  the  courses.  The  materials  ehonld 
be  tmiforra  in  quality  and  size ;  hydraulic  mortar  skmld 
alone  be  used ;  and  the  permanent  weight  not  be  laid  on  the 
wall  until  the  season  after  the  masonry  is  laid.  As  a  farther 
preeantion,  when  practicable,  a  trial  weight  may  be  laid  njam 
the  wall  before  loading  it  with  the  permanent  one. 

Where  the  heads  of  arches  are  built  into  a  wall,  particularly 
if  they  are  designed  to  bear  a  heavy  permanent  weight,  m 
an  embankment  of  earth,  the  wall  shonld  not  be  carried  up 
higher  than  the  imposts  of  the  arches  until  the  settling  of  tlie 
latter  has  reached  its  final  term ;  and  as  there  will  be  dan«^r 
of  disjunction  between  the  piers  of  the  arches  and  the  wall  at 
the  head,  from  the  same  cause,  these  should  be  carried  up  in- 
defvendently,  but  so  arranged  that  their  after-union  may  be 
conveniently  effected.  It  would  moreover  be  always  well  to 
suspend  the  building  of  the  arches  until  the  season  follow- 
ing that  in  which  the  piers  are  tinished,  and  not  to  place  the 
permanent  weight  upon  the  arches  until  the  season  loUowing 
their  completion* 

521,  Polntixig.  The  raortar  in  the  joints  near  the  surfaces 
of  walls  exposed  to  the  weather  shonld  be  of  tlie  be«t  hydmu- 
lic  lime,  or  cement,  and  as  this  part  of  the  joint  alw^ays 
requires  to  be  carefully  attended  to,  it  is  usually  filled,  or  aa 
it  is  temped  pointedy  some  time  after  the  other  work  is  fiuish- 
ed.  The  period  at  which  pointing  should  be  done  is  a  dis- 
puted subject  among  builders,  some  preferring  to  point  while 
the  mortar  in  the  joint  is  still  fresh,  or  greeny  and  others  not 
until  it  has  become  hai-d.  The  latter  is  the  more  usual  and 
better  plan.  The  mortar  for  pointing  should  be  pCH»r,  that  is, 
have  rather  an  excess  of  sand  ;  the  sand  should  be  of  a  fine 
uniform  grain,  and  but  little  water  be  used  in  tempering  the 
luortar.  Before  applying  the  [Kjinting,  the  Joint  should  be 
well  cleansed  by  scraping  and  brushing  out  the  loose  matter, 
and  then  he  well  moistened.  Tlie  mortar  is  applied  with  a 
suitable  tool  for  pressing  it  into  the  Joint,  and  its  surface  is 
rubbed  smooth  with  an  iron  toob  The  practice  among  our 
military  engineers  is  to  use  the  ordinary  tools  for  calking  in 
applying  ix>inting;  to  calk  the  joint  uith  the  mortar  in  the 
usual  w^ay,  and  to  rub  tlie  surface  of  the  pointing  until  it  be- 
comes hard.  2h  obtain  pointing  that  wiU  witAstimd  thd 
vieismtude^  of  our  cUmate  is  not  the.  lea^t  of  the  di^eulties 
of  the  iuilder^s  art  The  contraction  and  expansion  of  the 
stone  either  causes  tlie  pointing  to  crack,  or  else  to  separate 
fr>m  the  stone,  and  the  surface  water  penetrating  into  the 
eracks  thus  made,  w^hen  acted  upon  by  frost,  throws  out  the 
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priintin^-  Sorno  have  tried  ^J  meet  thia  difficultj  by  gniug 
tlia  liirfaee  of  the  poirttiii*;  such  a  shape,  and  00  arran^nc^  it 
with  respect  to  the  snrfa^^cs  of  die  etones  forming  the  joint, 
that  the  water  shiiU  trickle  over  the  pointing  withont  enter- 
ing the  crack,  which  i«  usoally  between  the  bed  of  the  etone 
and  the  jTMiintint^. 

522.  The  t^irm  fianh  poirUtng  is  sometiinea  applied  to  a 
coating  of  hydraulic  tnortar  laid  over  the  face  or  ba(*k  of  a 
wall,  to  j>res»<rrve  eitlier  tlie  mortar  jointi*,  or  the  Btune  itaelf, 
from  the  action  of  moifttnre,  or  the  efFecta  of  the  atmcisjihere. 
Mortar  for  flaah  pointing  ihould  also  be  made  poc»r,  and  when 
it  is  used  m  a  stucco  to  protect  mftdonry  from  atinosplieric 
action,  it  shonld  be  made  of  coarse  sand,  and  be  applied  in  a 
single  unifonn  emit  over  tlie  6nrfac*e,  which  Bliould  be  prepared 
to  receive  the  8tut!co  by  having  the  joints  thoroughly  cleansed 
from  du8t  and  Uvj^e  mortar,  and  being  well  moist^^ned. 

No  jM^>ititing  of  mortar  has  been  loimd  to  withstand  the 
effects  of  weather  in  onr  climate  on  a  long  line  of  coping. 
Within  a  few  years  a  pointing  of  asphalte  has  been  tried  on 
some  of  onr  military  works,  and  has  given  thus  far  promise 
of  a  successful  issue. 

523.  Stucco  exfM>fied  to  weather  is  sometimes  covered  with 

[mint,  or  otiier  mixtures,  to  give  it  durability.  Coal  tar  has 
>con  tried,  but  witbout  auccess  in  our  climate.  M.  Raucourt 
(le  (Jharteville,  in  his  work  Traiti  (h^  Mfyriiers^  ^^'®»  ^he 
following  comjxjfiitions  for  proteetirjgexpDfied  stuccoes,  which 
ho  stattTS  to  succeed  well  in  all  climates.  For  important  work, 
three  paitH  of  linseed  oil  boilefl  witb  une^sixth  of  its  weight 
of  btluirpB,  and  one  pa  it  of  wax*  For  common  works,  one 
part  *«f  iiusiecd  oil,  fnie-teuth  of  its  weight  of  litharge,  and 
ivv(»  or  three  partis  of  re^in. 

The  fturfac'OB  must  be  thoroughly  dry  before  applying  the 
cornposiriorm,  which  should  be  Taid  ou  hot  with  a  brush* 

524.  Repairs  of  Masonry.  In  effecting  reoairs  in  mason* 
ry,  when  new  work  is  to  be  connected  with  old,  the  mortar 
f>f  tbc  old  sbonid  be  thoroughly  cleaned  off  whoi-ever  it  is  in- 
juicd  along  the  surface  where  the  junction  is  effected,  and 
the  Hurface  thoroughly  wet.  The  bond  and  other  arrange- 
mcnfH  will  depend  upcm  the  circumstances  of  the  case;  the 
Rurfftces  connected  should  be  fitted  as  accurately  as  practical 
lile,  so  that  by  ut^ing  but  Httle  mortar,  no  disunion  may  take 
place  from  settling, 

525.  An  expedient,  verv  fertile  in  its  applications  to  hy- 
draulic constructions,  has  been  for  some  years  in  uf^c  among 
tlie  French  engineers,  for  stopping  leaks  in  walh  and  renew 
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inff  the  beda  of  foundations  which  have  yielded,  or  have  been 
othtirwise  removed  by  the  action  of  water.     It  cunsitits  in  in- 

teetinp  hjdranlic  cement  into  the  parts  to  be  tilled,  through 
loles  drilled  through  the  masonry,  by  means  of  a  etrong  sy-  i 
ringe.  The  instruments  used  for  this  purpose  (Fig,  83  a)  are 
usually  cjhnders  of  wo<xi,  or  of  cast  iron  ;  the  bore  uiiifurm> 
except  at  the  end,  which  is  terminated  with  a  nozle  of  the 
usual  conical  form ;  the  piston  is  of  wood,  and  is  driven  down 
by  a  heavy  mallet  In  using  the  syringe,  it  is  adjusted  to 
the  hole ;  the  hydraulic  cement  in  a  Bemi-fluid  state  poured 
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into  it ;  a  wad  of  txjw,  or  a  disk  of  leather  being  introduceci 
on  top  before  inBerting  the  piston.  The  cement  is  forced  in 
by  repeated  blows  on  the  piston. 

526.  A  mortar  of  hydraulic  lime  and  fine  sand  has  been 
used  for  the  same  pnrprjse  ;  the  lime  being  ground  fresh  from 
the  kiln,  and  used  before  slaking,  in  order  that  by  the  in- 
crease  of  volume  which  takes  place  from  slaking,  it  nnglit  fill 
more  compactly  all  interior  voids.  The  use  of  nnslakeS  lime 
has  received  several  ingenious  applications  of  this  character; 
its  after  expansion  may  prove  injurious  when  confined.  The 
use  of  sand  in  mortar  for  injections  has  by  some  engineers 
been  condemned,  as  from  the  state  of  fluidity  in  which  the 
mortar  must  be  used,  it  settles  to  the  bottom  of  the  syringe, 
and  thus  prevents  the  formation  of  a  homogeneous  mass. 

527.  Eflffects  of  Temperature  on  Masonry,  Frost  is  the 
most  powerful  destuctive  agent  against  wliich  the  engineef  ? 
has  to  guard   in  constructions  of  raasnni')%      Di  ring  severe 
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wintere  m  the  northern  parts  of  our  country,  it  has  beeit  as 
certained,  by  observatioUj  that  the  frost  will  penetrate  earth 
in  COL  tact  with  walls  to  depths  ax^eeeding  ten  Jhet;  it  tliere- 
fore  becomes  a  matter  of  the  first  importance  to  nse  ever^ 
practicable  means  to  drain  thoroughly  all  the  ground  in  con- 
tact with  masonry,  to  whatever  depths  the  fomidationa  may 
be  sunk  below  tlxo  surface;  for  if  this  precaution  be  not 
t^ken,  accidents  of  the  most  serious  nature  may  happen  to  the 
foutidations  from  the  action  of  the  frost.  If  water  collecte  in 
any  quantity  in  the  earth  around  the  foinidations,  it  may  be 
necessary  to  make  email  covered  drains  under  them  to  con 
vey  it  oft,  and  to  place  a  stratum  of  loose  stone  between  the 
«i(Ie8  of  the  foundaticjiis  and  the  8un*ounding  earth  to  give  it 
a  fi*ee  do^mward  passage. 

It  may  be  laid  down  as  a  maxim  in  building,  that  morto/r 
which  is  exposed  to  the  actwn  of  frost  btfore  it  has  sety  will 
be  so  mum  damaged  as  to  Imjmir  efittrely  its  properti^* 
This  fact  places  in  a  stronger  li^^bt  what  has  alreaay  Been  re- 
marked, on  the  necessity  of  laying  the  foundations  and  the 
structure  resting  on  them  in  hydmulie  mortar,  to  a  height  of 
at  least  three  feet  al>ove  the  ground  ;  for,  although  the  mortar 
of  the  fomidatioits  might  be  pixjtected  from  the  action  of  the 
frost  by  the  earth  around  them,  the  parts  immediately  above 
would  be  exposed  to  it,  and  as  those  parts  attmet  the  mois- 
ture from  the  ground,  tlie  mortar,  if  ot  conmion  lime,  would 
not  set  in  time  to  prevent  the  action  of  the  f j^osts  of  winter. 

In  hea^^'  walls  the  mortar  in  the  interior  will  usually  be  se- 
cured from  the  action  <jf  the  frost,  and  masonry  of  this  char- 
acter might  be  carried  on  imtil  fix^ezing  weather  commences ; 
but  still  in  all  im^iortant  works  it  will  be  by  far  the  safer 
course  to  suspend  the  construction  of  masonry  several  weeks 
before  the  ordiuary  period  oi  frost. 

During  the  heats  of  summer,  the  mortar  is  injnred  by  a 
too  rapia  drying.  To  prevent  this  the  stone,  or  brick,  sh^jidd 
he  thoroughly  jurnstauid  hefore  hting  laid  :  and  afterward^^ 
if  the  weather  is  very  hot,  tnt*  masonry  should  be  kept  wet  untU 
the  mortar  gives  indications  of  setting.  The  top  course  should 
always  be  well  moistened  by  the  workmen  on  quitting  their 
work  for  any  short  period  dui*ing  verj^  warm  weather. 

Tlie  effoctjs  produced  by  a  high  or  low  temperature  on  mor- 
tar in  a  green  state  are  similar.  In  the  one  case  the  freezing 
of  the  water  prevents  a  union  between  the  particles  of  the 
lime  and  sand;  and  in  the  other  the  same  arises  from  the 
water  being  rajpidly  evapi»rated.  In  botli  cases  tlie  mortar 
when  it  has  set  is  weak  and  pulverulent. 
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528.  Framing  is  the  art  of  arraiiffiru^  beams  of  solid  mate- 
rials for  the  various  purposes  to  wliicS  they  are  applied  in 
Btrnctiii'es.  K  frame  is  any  arrangement  of  beams  made  for 
BOBtaining  strains. 

529.  That  branch  of  framing  which  relates  to  the  combiBa- 
tions  of  beams  of  timber  is  denominated  Carpejitjy. 

530.  Timber  and  iron  are  the  only  materials  in  common 
use  for  frames,  as  they  are  equally  suitable  to  resist  the  vari- 
ous strains  to  be  met  with  in  Btructures.  Iron,  independently 
of  offering  greater  resistance  to  straius  than  timber,  possesses 
the  further  advantage  of  beiug  susceptible  of  receiving  the 
most  suitable  fonns  for  strength  without  injury  to  the  mate 
rial ;  while  timber,  if  wrought  into  the  best  forms  for  the 
object  in  view,  may,  in  some  cases,  be  greatly  injured  in 
strength. 

531.  Tlie  object  to  be  attained  in  framing  is  to  give,  by  a 
suitable  combination  of  beams,  the  requisite  degree  of  strength 
and  stiffness  demanded  by  the  character  of  the  structure, 
united  with  a  lightness  and  an  economy  of  material  of  which 
an  arrangement  of  a  massive  kind  is  not  susceptible.  To 
attain  this  end,  the  beams  of  the  frame  must  be  of  such  forme, 
and  be  so  combined  that  they  shall  not  only  offer  the  greatest 
resistance  to  the  eff<irts  they  may  have  to  sustain,  but  shall 
not  change  tlieir  relative  positions  from  the  effect  of  these 
efforts, 

532.  The  forms  of  the  beams  will  depend  npon  the  kind 
uf  material  used,  and  the  nature  of  the  strain  to  which  it 
may  be  subjected,  whether  of  tension,  compression,  or  a  croea 
strain. 

533.  The  general  shape  given  to  the  frame,  and  the  com- 
binations of  the  beams  for  this  purpose,  will  depend  upon 
the  object  of  the  frame  and  the  directions  in  which  the  efforti 
act  upon  it 

In  frames  of  timber,  for  example,  the  cross  sections  of  each 
beam  are  generally  uniform  throughout,  these  sections  being 
either  circular,  or  rectangular,  as  these  are  the  only  simple 
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fonns  which  a  beam  can  receive  without  injury  to  its  strength 
111  fi-jimes  of  east-iron,  each  beam  may  be  cast  into  tlio  most 
suitable  form  for  tiie  strength  required^  coDsidering  the 
economy  of  the  niateniil. 

584*  In  combining  the  beams,  whatever  may  be  the  gen* 
eral  shape  of  the  frame,  tlie  parts  wln'ch  compose  it  nmst,  as 
far  as  practicable,  present  triangular  iigures,  each  side  of  the 
triangles  bciiu^  formetl  of  a  single  beam  ;  the  connection  of 
the  beams  at  tbe  angular  points,  termed  the  joinfH^  being  so 
arranged  that  no  yielding  can  take  place*  In  all  combina- 
tiona,  therefore,  in  wliich  the  principal  beams  form  polyjj^onal 
fignree,  secondary  beams  mwst  be  added,  either  in  die  direc 
tions  of  the  diagonals  of  the  polygon,  or  so  as  to  connect  each 
pair  of  beaniB  forming  an  angle  of  the  polyg*>n,  for  the  pur- 
poee  of  ore  venting  any  change  of  form  of  the  figure,  and  of 
giving  tlie  frame  the  requisite  stiffness.  These  secondary 
pieces  receive  the  general  appellation  of  braces.  When  they 
sustain  a  sti-ain  of  compression  tiiey  are  termed  struts  /  when 
one  of  extension,  ties, 

635.  As  one  of  the  objects  of  a  frame  is  to  transmit  the 
strain  it  directly  receives  to  firm  points  of  snpport,  the  beams 
of  which  it  is  formed  shonld  be  so  comhinea  that  this  may 
he  done  in  the  way  wliich  shall  have  the  least  timdency  to 
change  the  shape  (if  the  frame  and  to  fracture  tlie  beams. 

636.  The  pohits  of  support  of  a  frame  may  be  either 
above  or  below  it.  In  tlie  former  case,  the  frame  will  con- 
sist of  a  suspended  system,  in  which  the  polygon  will  iuisume 
a  jx^sition  or  stable  eqnilibrium,  its  sides  heing  subjected  to  a 
strain  of  extension.  In  the  latter  case  the  frame,  if  of  a 
polygonal  form,  innat  satisfy  the  essential  conditions  already 
enumerated,  id  order  that  its  state  of  equilibrium  shall  be 
stable. 

637.  The  object  of  the  structure  will  necessarily  decide 
the  general  shape  of  the  frame,  as  well  as  the  direction  of 
the  strains  to  woich  it  will  be  subjected.  An  examination, 
therefore,  of  the  frames  adapted  to  stnne  of  the  more  usual 
structures  will  be  the  best  course  for  ilhistrating  both  the 
preceding  general  principles  and  the  more  ordmary  combina- 
tions of  the  beams  and  joints, 

538.  Frames  for  CroBS  Strains.  The  i>arta  of  a  frame 
which  receive  a  cross  strain  may  be  horizontal,  as  the  beams, 
OT  joists  of  a  floor;  or  inclined,  as  the  beams,  or  rafters 
which  form  the  im^lined  ^  Ws  of  the  frame  of  a  roof.     The 

Sressure  prodncing  the  cixnis  strain  may  either  be  imiformlp^ 
istributed  over  the  beams,  as  in  the  cases  Just  cited,  or  il 
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may  act  only  at  OBe  point,  aa  in  the  case  of  a  weight  laid 
upon  the  beam. 

In  ftll  of  these  eases  the  extremities  of  the  beam  should  be 
firmly  fixed  against  iminovable  points  of  support ;  the  longer 
side  of  tlie  rectangular  section  of  the  beam  should  be  par- 
allel to  the  direction  of  the  strain,  as  this  is  the  best  position 
for  strength. 

If  the  distance  between  the  jx)int5  of  support,  or  the  hear- 
ing^ be  not  great,  the  framing  may  consist  situply  of  a  row 
of  parallel  beams  of  such  diraensionSj  and  placea  so  far  asun 
der  as  the  strain  borne  may  require.     Wnen  the  beaniB  are 
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narrow,  or  the  depth  of  the  rectangle  considerably  greatei 
than  the  breadth  (Fig.  84),  short  struts  of  battens  may  be 
placed  at  intervals  between  each  pair  of  beams,  in  a  diagonal 
direction,  uniting  the  bottom  of  tlie  one  with  the  top  of  the 
other,  to  prevent  the  beams  from  twisting,  or  yielding  late* 
rally-  This  also  increases  the  stiffness  of  the  stnictnre  by 
distributii-ig  the  sti-ains. 

539.  A\^en  the  bearing  and  strain  are  so  great  that  a  sin- 
gle beam  will  not  present  euflieient  strength  and  stiffness,  a 
combination  of  beamSj  termed  a  huilt  beam^  which  may  be 
solidy  consisting  of  sevei-al  layers  of  timber  laid  in  juxtapo- 
sition, and  firmly  connected  together  by  iron  bolts  and  strapis 
— or  apeiiy  being  formed  of  two  beams,  with  an  interval  be- 
tween them,  so  connected  by  cross  and  diagonal  pieces,  that 
a  stmin  upon  either  the  upper  or  lower  beam  will  be  trans- 
mitted to  tne  other,  and  the  whole  system  act  under  the  effect 
of  the  strain  like  a  6c»lid  beam, 

540<  Solid  built  Beams,  In  framing  solid  bnilt  beams, 
the  pieces  in  each  course  (Fig.  85)  are  laid  abutting  end  to 
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fig.  85— BvprMtntB  a  uaVLd  built  bemm 
of  three  oonrpea,  the  pieoe»  of  each 
connB  breaking  jotuU  and  confltiied 
b/  Izoo  boop^ 


end  with  a  square  joint  between  them,  the  conrBes  breaking 
joints  to  form  a  strong  liond  between  them.  The  courses 
are  firmly  connected  either  by  iron  bolts,  formed  with  a 
screw  and  rut  at  one  end  to  bring  the  courses  into  close  con 
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taet^  or  elM  by  iron  bftudfl  driven  on  tight,  or  bj  iron  stirmpi 
{Fig,  86)  flQitably  arranged  with  screw  ends  and  nuts  for  me 
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When  the  etrain  is  of  such  a  ch^^acter  that  the  coonet 
would  he  liable  to  work  loose  and  slide  along  their  joints,  th6 
beams  of  the  different  courses  may  he  made  with  stallow  in- 
dentations (I'igs.  87,  S8),  accurately  fitting  into  each  other ; 
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ipraMBti  a  Kittd  bBllt  bMH 
oaonm  tgimtmuA  villi  l»- 
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Vlff.  eS^Bain  <Mntt  ft  toUd  tmllt  beuB,  tb«  top  pftit  twinf  of  two  pteoa  ft,  ft  wbkh  ftbsl 
•gaiiuK  ft  liroftd  Oftt  iron  boU  a,  tmutA  m  Mimg  bolL 

or  shallow  rectangular  notches  (Fig,  89)  may  be  cut  across 
each  beam,  being  so  placed  as  to  receive  blocks,  or  keye  of 
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^^      fig.  gS— Rf  rinimtft  ft  Rolld  built 
■^  ■       with  kejrt  ft»  6  of  b«rd  wood  "" 


hard  wood.     The  keys  are  sometimes  made  of  two  wedg^ 
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90— Eepreirats  Uie  kfly*  in  the  form  of 
jMding  wedgM  a,  ft  let  into  ft  «h«lIow 
tbio  bftftmo. 


sha]>ed  pieces  (Fig.  90),  for  the  purpose  of  causing  them  fcc 
fit  the  notches  more  closely,  and  to  admit  of  bemg  driven 
tight  upon  any  shrinkage  of  the  woody  fibre. 

The  joints  between  the  conrses  may  be  loft  slightly  open 
without  impairing  in  an  appreciable  degree  the  strength  at 
the  combination.     This  is  a  good  method  m  beams  exposed  « 
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moisture,  as  it  allowB  of  evaporation  from  the  free  circulation 
oi  the  air  through  the  joints.  Felt,  or  stout  paper  saturated 
v\ith  mineral  tar,  has  been  recommended  to  secure  the  jointJi 
from  the  action  of  moisture.  The  prepared  material  is  so 
placed  as  to  occupy  the  entire  surface  of  the  joint,  and  the 
whole  is  well  screwed  together. 

541,  Joints.  A  joint  is  the  surface  between  two  pieces 
which  come  in  contact  with  each  other,  and  which  are  connected 
together.  The  form  and  arrangement  of  joiiitB  will  depend 
upon  the  relative  position  of  the  beams  joined,  and  tlie  object 
or  tlie  joint. 

In  all  arrangements  of  joints,  the  axes  of  the  be&nis  con- 
nected should  he  in  the  same  plane  in  which  the  strain  upon 
the  frame  acts ;  and  tlie  combination  should  be  so  arranged 
that  the  parts  will  accurately  fit  when  the  frame  is  put  t*> 
gather,  and  that  any  portion  may  be  displaced  without  dis- 
connecting the  rest.  The  simplest  forms  most  suitable  to  the 
object  in  view  will  usually  be  found  to  be  the  best* 

In  adjusting  the  surfaces  of  the  joints  au  allowance  should 
be  made  for  any  settling  in  the  frame  which  may  arise  citlier 
from  the  shriuKing  of  the  timber  in  seasoning  while  in  the 
frame,  or  from  the  fibres  yielding  to  the  action  of  the  strain. 
This  is  done  by  leaving  sufficient  play  in  the  joints  when  the 
frame  is  first  set  up,  to  admit  of  the  parts  coming  into  per- 
fect contact  when  the  frame  has  attamed  its  final  settlmg. 
Joints  formed  of  plane  surfaces  present  more  difiicnlty  in 
this  respect  than  curved  joints,  as  the  bearing  surfaces  in  the 
latter  case  will  remain  in  ccmtact  should  any  shght  change 
take  place  in  the  relative  positions  of  the  beams  from  settling; 
whereas  in  the  former  a  slight  settling  might  cause  tlie  sti'ains 
to  be  thrown  upon  a  corner,  or  edge  of  the  jtiiut,  by  which 
the  bearing  surfaces  might  be  crushed,  and  the  parts  of  the 
framework  wrenched  asunder  from  the  leverage  which  such 
a  circumstance  might  occasion.  • 

The  surface  of  a  joint  subjected  to  pressure  should  be  as 
great  as  practicable,  to  secure  the  parts  in  contact  from  being 
crushed  by  the  strain ;  and  the  surfac^e  shonld  be  nearly  per- 
pendicular to  the  direction  of  the  strain  to  pievent  sliding. 

A  thin  plate  of  iron,  or  lead,  may  be  inserted  between  the 
surfaces  of  jourts  where,  froui  the  magnitude  uf  tbe  strain, 
one  of  them  is  liable  to  be  crushed  by  the  other,  as  in  the 
ease  of  the  end  of  one  beam  resting  upon  the  face  of  aunther. 

542.  Folding  wedges,  and  pins,  or  tree-jiaih^  of  hard  wood, 
are  used  to  bring  the  surfaces  of  joints  firmly  to  their  bear- 
ings, and  retain  the  parts  of  the  frame  in  their  places.    The 


868 


OIVIL   ENOOnOERING. 


wedgoe  are  iiiBerted  into  square  liolea,  and  tie  pins  into  anger- 
holes  made  through  the  parts  connected.  As  tl»e  olgoct  ol 
these  accessor ieti  is  einiply  to  bring  the  partd  connectcHl  into 
close  couUii'tj  they  Bhoiild  be  earefully  driven,  in  vrdev  nut  tx) 
cause  a  strain  that  mi^^ht  cruth  the  fibix*s. 

To  secure  joints  eul)jected  to  a  heavy  strain,  bohs,  strapsi 
and  hoops  of  wi-ouglit  iron  are  used.  These  should  he  placed 
in  the  best  direction  to  counteract  the  strain  and  prevent  the 
parts  from  separating;  and  wherever  tlie  bolts  are  requisite 
they  should  be  inserted  at  those  points  which  will  least  weaken 
the  joint, 

543.  Joints  of  Beams  united  end  to  end.  AVlaen  the  axes 
of  the  beams  are  in  the  same  right  line,  the  form  of  the  joint 
will  depend  upon  the  direction  of  the  strain.  If  the  htraio  is 
one  of  compression  J  th.^  ends  of  the  beams  may  be  uiiited  b}' 
a  square  joint  perpendicular  to  tlieir  axes^  the  joint  being 
secured  (iig.  91)  by  four  short  pieces  so  placed  as  to  embrace 
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Hi:,  fll— aapirmatf  tliai  muiD«r  In  which  Xha  end  joint  of   two  txiKBtf  a  W)d  h  il  Oibod  oc 
McmiBd  bj  Ride  plt^cvn  c  vkmX  d  t>ul(«d  to  ttumu 

the  ends  of  the  heams,  and  being  fastened  to  the  heams  and 
to  each  other  by  bobs.  This  arrangement,  termed  Jimhing  a 
heufUy  is  used  only  for  rougJi  work.  It  may  also  be  used 
when  the  strain  is  one  of  extension;  in  which  case  the  short 
pieces  (Fig.  92)  may  he  notched  upon  the  beams,  or  else  keys 
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Vlff.  fit— BcprMa&U  ft  iahed  joint  In  whJch  the  ^dv  piecei  e  uid  4  ftrc  tilhm  Itl  Into  Hit 
b^LXtLA  or  cACQitsd  by  keja  «,  «. 


of  hard  woodj  inserted  into  shallow  noti^hes  made  in  the  beamfl 
and  shoit  pieces,  may  be  enipli*yed  to  give  additional  security 
to  the  joint- 

A  joint  termed  a  ficarfuxKy  be  used  for  either  of  the  fore- 
going purposes.     This  joint  may  be  f  >rmed  either  by  halving 
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Wig,  tt^EepTflKDts  m  trntt  jtitat  Bcoiired  bj  \Moa  pbtoi  c,  C|  key*^  d,  «f,  and  bslMk 

the  beams  on  eacb  other  near  their  ends  (Fig.  93),  and  so* 
curing  the  joints  by  bolts,  or  straps  ;  or  else  l>y  bo  arrano^ing 
the  ends  ot  the  two  beams  that  each  shall  fit  into  shallow 
triangnlar  notches  cut  into  the  othefj  tlie  joint  being  secured 
by  iron  hoops.  This  last  method  is  employed  tor  round 
timber. 

544,  When  beams  united  at  their  ends  are  subjected  to 
a  cross  strain,  a  scarf  joint  is  generally  used,  the  under 
part  of  the  joint  being  seen  red  by  an  iron  plate  confined 
to  the  beams  by  bolts.  The  scarf  for  this  purpose  may 
be  f^jnned  simply  by  hahing  the  beams  near  their  ends ; 
but  a  more  usnal  and  better  form  (Fig.  94)  is   to  make 
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Flf .  M-*B«fif«iMiti  m  wcvt  joint  f^  i  cron  ftmiii  Mcnml  nt  bottom  hf  %.  pk/m  0(  dD 
1x7  ^oanflnei)  to  tli«  bcwiui  trf  In>n  hoops  ct,  4  %nd  ktty«  €,  «, 

the  portion  of  the  joint  at  the  top  surface  of  the  beams  per* 
pendicular  to  their  axes,  and  about  one  thinJ  of  their  depth  ; 
the  bottom  }x>rtion  being  oblique  to  the  ax5§|  as  well  as  the 
portion  joining  these  two. 

When  the  beams  are  subjected  to  a  cross  strain  and  to  one 
of  extension  in  the  direction  of  their  axes,  the  form  of  the 
scarf  must  be  suitably  arranged  to  resist  eat^h  of  these  stmins. 
The  one  shown  in  Fig.  95  is  a  suitable  and  usual  form  for 


Fls:.  05— B«pn«c!]itR  »  tcmt  JNaint  amngMd  to  nriA  a  enm  rtrtf  d  loid  aii«  of  extenvian,    Tbt 
bottom  of  tht  joint  i«ivctired  by  ui  Iron  pUtfl  oonflned  tw  boltK    Th'CfolcUiig  wedge  lk:ej 
I  §A  c  PBTTM  tfO  bring  all  thie  •urtecos  of  tlM  J«iiiCi  to  their  bwliigi. 


these  objects.  A  folding  wedge  key  of  hard  wood  is  in- 
serted into  a  space  left  between  the  parts  of  the  joint  wliich 
catch  when  the  beams  are  drawn  apart.  The  key  serves  to 
bring  the  surfaces  of  the  joints  to  their  bearings,  and  to  form 
an  abutting  surface  to  resist  the  strain  of  extension.     In  thii 
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one  beam,  the  sides  of  the  notch  being  perpcndicnlar  tc 
eaeh  other,  and  a  ehallow  raortiee  is  cut  into  the  lower 
surface  of  the  notch  ;  tlie  end  of  the  other  beam  is  suitably 
shaped  to  fit  the  notch  and  mortise. 

The  direction  of  the  strain  and  the  effect  it  may  prodnce 
nix>ii  the  joint  nnmt  in  all  cafies  regulate  its  fonii.  In  Bome 
Leases  tbe  circular  joint  may  be  more  suitable  than  tho^^e 
fonns  which  are  plane  surfaces;  in  others  a  double  tenon 
may  be  belter  than  tJie  simple  joint. 

547.  Tie  Joints*  These  joints  are  nsed  to  connect  beams 
which  cross,  oj  lie  oti  each  other.  Tlie  simplest  and  strong- 
est form  of  tie  joint  consists  in  cutting  a  notch  in  one  or  both 
of  the  beams  to  connect  them  securely.  But  when  the  beams 
do  not  cross,  but  the  end  of  one  rests  upon  the  other,  a  notch 
of  a  trapezoidal  form  (Fig.  98)  may  be  cut  in  the  lower  beam 
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Fig,  »— BepriBti  n  onltnvy  dOY«^tai]  joint  Mcortd  bf 
m  pin  aft  c 


to  receive  the  end  of  the  upper,  wliich  is  suitably  shaped  to 
fit  the  notcb.  This,  from  its  shape,  is  termed  a  d/jve'tail 
joint.  It  is  of  frequent  use  in  joinery,  but  is  not  suitable 
for  heavy  frames  where  the  joints  are  subjected  to  consider- 
able strains,  as  it  soon  becomes  loose  from  the  shrinking  of 
the  timber. 

548.  Open  built  Beams.  In  framing  open  built  beams, 
the  principal  point  to  be  kept  in  view  is  to  form  such  a  con- 
nection between  the  upper  and  lower  solid  beams,  that  they 
shall  be  strained  uniformly  bv  the  action  of  a  strain  at  any 
point  between  tlie  bearinjcs.  ^his  may  be  effected  in  various 
ways,  (Fig.  99»}     The  upper  and  lower  beams  may  consist 


FJir.  90— Rcpreaentu  mxk  opa 
buUt  ticBTn:  A  aad  B  vt 
the  top  And  bottom  tmSi*  or 
ftrln^;  fl,  a,  cron  ptecM^ 
either  tlntrla  or  in  pttli«;  •;, 
diAfTcmal  bmccn  in  pain*  e^ 
iingla  dlPi^&l  br*oM. 


either  of  single  beams  or  of  solid  built  beams;  these  ai*e  con 
nectcd  at  regular  intervals  by  pieces  at  right  angles  to  them, 
l^etween  which  diagonal  pieces  are  placed.     By  this  arrange- 
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mont  the  rc?lativo  imsition  of  all  die  parts  of  the  frame  ml) 
bo  proserved,  and  tlio  etrain  at  any  point  will  be  brought  tc 
bear  npori  the  intermediate  jwinta, 

549.  Framing  Ibr  Intermediate  Supports.  Beams  of 
ordinarj*  dimoHBiona  may  he  iiBod  for  wide  bearings  when 
Intermediate  BUjuiortfl  can  be  procured  between  the  extreme 
pointa. 

The  simplest  and  mtjst  ohnoiis  method  of  effecting  thia  is 
to  place  upright  beanm^  termed  prtyps^  or  sAores,  at  Buitabk 
intervals  nnder  the  supported  beam* 

Wlien  the  props  would  interfere  with  some  other  arrange- 
ment, and  pcjHite  of  supwrt  can  be  procui-ed  at  the  extremi- 
tiee  below  those  on  which  the  beam  rests,  inclined  struts  (Fig, 
100)  may  be  used.  The  struts  niuBt  have  a  suitably  foiTned 
step  at  the  foot,  and  be  conneeted  at  top  with  the  beam  by  a 
suitable  joint. 

In  acme  eases  the  bearing  may  be  diminished  by  placing 
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V1|r.  100— RiprMefttH   ■  lioflsotital    btmta  0   gap- 
portad  ncAi  the  midilla  kqr  IimsUimmI  «trut«  A,  A. 


on  the  pointa  of  support  short  pieces,  termed  corheh  (Fig,  101), 
and  supportiug  tUu^e  near  their  ends  by  struts. 


Flff.  lOl^HrprMniti  • 
horisontal  hemm  c  mp- 
portodl  by  vertical 
pofti  a.  CI,  wtth  corbel 
l>teo«B<l,<f  Mid  lAclltied 
■trntn  e^wio  dlmiaUh 


In  Other  cases  a  portion  of  the  beam,  at  the  middle^  may 
be  strengthened  by  placing  nnder  it  a  short  beam,  called  k 
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Flf.    lOa-'Htpreseiite  t 
bortaontel      bmm    c^ 

■tnining  bmn  /ud 
tncUasd  «tniia  ^  c 


Btraimnp  bmm  (Pig,  103),  agiiinst  the  ends  of  which  the 
struts  abut 
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AVTienever  the  bearing  may  requii*e  it  the  two  preceding 
Ainuigenieuts  (Fig.  103)  may  be  used  in  connection. 


^ 


\1 


Pig,  lO^Biiymmuti  m  ootnbhiatlcB  of  TIgi.  IDI  aad  ItXL 

In  all  combinations  with  stmts,  a  lateral  thrust  will  be 
thrown  on  the  j^oint  of  support  where  the  foot  of  the  strut 
reste,  Tliis  strain  must  be  provided  for  in  proportioning  the 
supports, 

MO.  When  intermediate  supports  can  be  procured  only 
above  the  beam,  an  arraugeinent  must  be  made  which  sliall 
answer  the  purpose  of  sustaining  the  beam  at  its  interme- 
diate  points  by  suspension.  The  combination  will  depend 
upon  the  number  oi  intermediate  points  reaoired. 

When  the  beam  requires  to  be  supported  only  at  the  mid- 
dle, it  may  be  done  as  shown  in  Fig.  104,  If  tlie  suspending 
piece  be  of  iron,  it  must  be  arranged  at  one  end  with  a  screw 
and  nut.  When  the  support  is  of  timber,  a  single  beam, 
called  a  Hngpoatj  (Fig.  104,)  may  be  used,  against  the  head 
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Fig.  1(H— Reprwients  ■ 
hortMoUl  btmm  « 
BDpptxUd  In  Ita  mid- 
dle t^  a  ktng  poflfc  0 
■mpmilmfl    ttaak  tlM 


of  which  the  two  inclined  pieces  may  abut ;  the  foot  of  the 
]:>oat  is  connected  with  the  beam  by  a  bolt,  an  iron  stirrup,  or 
a  suitable  joint  Instead  of  the  ordinary  king  post,  two 
beams  may  be  used ;  these  are  placed  opposite  to  each  other 
and  bolted  together,  embracin*^  between  tnem  the  supjiorted 
beam  and  the  heads  of  the  inclined  beams  which  fit  into  shal- 
low notches  cut  into  the  supporting  beuma.  Pieces  arranged 
18 
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in  this  manner  for  Bufipeodiug  portiona  of  a  frame  receive  tlte 
uame  of  B^U8penMianjp%e€e9^  or  bridle  pieom. 

When  two  intennediate  points  of  support  are  required,  the} 
aaay  be  obtained  as  shown  in  Fig-  105.      The  suspeusioii 
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pieces  in  this  case  may  be  either  poetSj  termed  ^ueen  posU^ 
arranged  like  a  king  f»06t,  iron  rode,  or  bridle  pieces.  This 
combinatifjn  may  be  need  for  very  wide  bearings,  (Fig.  106,J 
by  Bwitiibly  increasing  the  nnmber  of  inclined  pieces  and 
itraining  beam. 


Plf .  KW^Rfpr—inti  b  Uam  e  iniipvodAd  ftt>m  %  oomblniitloii  cf  adbntta  imd  Mtnlnlnf  1 


561.  Experiments  on  the  Strength  of  Frames^     Experi- 

»»;eytal  reeearches  on  this  point  have  been  niudtly  restiicted 
til  those  made  with  models  on  a  coni|iaratively  small  scale, 
owing  to  the  expense  and  diflicnlty  jittcndant  upon  experi- 
ments on  frames  having  the  fonn  and  dimensions  uf  tnose 
employed  in  (n*diiiary  strnctnres. 

Among  the  most  remarkable  experiments  on  a  large  scale, 
are  those  made  bv  order  uf  tbe  French  government  at  hovi- 
ent,  nnder  the  direction  of  M.  Biebell,  the  superintending 
engineer  of  the  port,  and  pnbliBhed  in  the  Annales  Muri* 
tvmeB  et  Coionmles,  Feb.  and  Nov,,  1837. 

Tbe  experiments  were  made  by  first  setting  np  the  frame 
tA  !j6  tried,  and,  after  it  had  settled  under  the  action  of  iti 
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own  weight,  suspending  from  the  back  of  it,  by  ropes  placed 
at  equal  intervals  apart,  equal  weights  to  represent  a  load 
uniformly  distributed  over  the  back  of  the  fmine. 
The  refeuhs  contained   in  the  fiilluvvins:  table  are  from  ex- 


periments on  a  trus^  (Fig.  107)  for  the  roof  of  a  ship  shed 
The  truss  consisted  of  two  raftei-s  and  a  tie  beam,  with  sua- 
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pension  pieces  in  pairs,  and  diagonal  iron  bolts,  which  were 
added  because  it  was  necessary  to  scarf  the  tie  beam.  The 
span  of  the  truss  was  65^  feet ;  tlie  rafters  had  a  slope  of  1 
perpendicular  to  4  base.  The  tln'ckness  of  the  beams,  meaa- 
ui'ea  horizontally,  was  about  2f  inches,  their  depth  about  18 
inches.  The  amount  of  the  settling  at  each  rope  was  ascer 
tained  by  fixed  graduated  vertical  rods,  the  measures 
taken  below  a  horizontal  line  marked  0, 
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Amoant  of  Kftiliiig'  on  the  ri^fat  of 
the  rldffo  belov  the  hortiontal  tf. 
La  Intihea. 


II 


Weight  naif ormlj  dJjtribated,  16S4I1» 

Bo.  do,  feSOlkm 

Do.  do.  1664  Ibtt.  and  IflfiS  ttNL,a 
pmditd  from  th»  onttiv  of  th»  fnune 

8880  lb*.,  mil&rmlj  dlitrlbnted,  and  1388  11m.  from  cbo 
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The  following  table  gives  the  results  nf  experiments  made 
on  frames  of  the  usual  forms  of  straiglit  and  curved  timber 
for  roof  trusses.  The  curved  pieces  wei-e  made  of  two  thick- 
nesses, each  3|  inches.  Tlie  numbers  in  the  fifth  cohniin 
give  the  ratios  l>etween  the  weight  of  the  frame  and  that  of 
3ie  weight  borne  by  which  the  elasticity  was  not  impaired. 
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FlfT.  114 — Eei>rM»Dta  ah  elpratlon  A  <3f  ■ 
irooden  arch  forsaod  of  ihtirt  pfMM  a,  |^ 
which  ftbtit  end  to  end  uid  break  jolntc 

B  ropKsmiU  ■  penpectlre  rleir  of  thli  oofl»> 
Uutlon,  ihovrtng  the  nuumar  to  whkii 
(he  partfl  an  Itemed  bngettwr. 


eharp  lengthSj  depending  on  tho  curvature  required ;  these 
pieces  abut  end  to  eiio,  the  joints  being  in  the  dii-ection  of 
the  radii  of  curvature,  and  tiae  pieces  coraposiug  tlie  different 
courses  break  joints  witli  each  other.  The  courses  may  be 
connected  either  bv  jibs  and  keys  of  hard  wood,  or  by  iron 
bolts.  This  method  is  very  euitable  for  all  light  framework 
where  the  pressure  borne  is  not  great. 

Wooden  arches  are  chiefly  used  for  bridges  and  roofs. 
They  serve  afl  intermediate  pijints  of  support  tor  the  framing 
on  vFhich  the  Headway  i^sts  in  the  one  case,  and  the  root 
covering  in  the  other.  In  bridges  the  r<iadway  may  lie  either 
above  tlie  arch,  or  below  it ;  in  either  case  vertical  posts, 
iron  rode,  or  bridles  connet^t  the  horizontal  beams  with  the 
arch. 

553-  The  greatest  stmin  in  wooden  arches  takes  place 
near  the  springing  line ;  this  part  should,  therefore,  when 
practicablcj  be  rcheved  of  the  pressure  that  it  would  directly 
receive  from  the  beams  above  it  by  inclined  struts,  soan-anged 
as  to  throw  this  pressure  upon  the  lateral  supports  of  the 
arch. 

The  pieces  which  compose  a  wooden  arch  may  be  bent  into 
any  curve.     The  one,  however,  usually  adopted  is  an  arc  of  a  ■ 
circle,  as  the  most  simplo.for  the  mechanical  construction  *4 
the  framing,  and  presenting  all  desirable  sti^ngtk 
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554.  A  bridge  is  a  structure  for  Bupporting  a  roadway  ovei' 
%  body  or  stream  of  water,  or  over  a  depression  in  the  earth. 

If  the  structure  is  over  a  depression  in  which  there  is 
usually  BO  water,  it  is  called  a  viaduct. 

If  the  structure  supports  a  water-way,  it  is  called  an  aqvs- 
duety  and  if  the  aqueduct  is  over  a  river,  it  is  sometiraei 
called  an  aqueduct-tridge. 

Bridges  may  be  classed   according  to  their  mechanical 
features;  in  wmch  case  we  have — 
L  Arches, 

2.  Trussed  bridges. 

3.  Tubular  brlages. 

4.  SuspensitiTi  bridges* 
They  may  also  be  classed  according  to  the  materials  which 

compose  them ;  as  Stone,  Wood,  audli-on- 

The  former  is  more  convenient  for  the  purposes  of  analy- 
i]Bi  but  the  latter  will  be  used  in  tliis  work. 


STONE   BRmOEB* 


555,  A  stone  bridge  consists  of  a  roadway  which  rests  upon 
one  OT  more  arches,  usually  of  a  cylindrical  form,  the  abut- 
ments and  piers  of  the  arcnea  being  of  sufficient  height  and 
strength  to  secure  them  and  the  roadway  from  the  effects  of 
an  extraordinary  risa  in  the  waterc: urBe« 
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556.  The  generul  location  f»f  a  bridge  will  depend  npon 
the  ajiprrtacheB,  and  the  particular  locality  may  Im?  niodified 
hy  tlie  character  of  tlie  banke,  the  Boil  or  Biihsoil,  and  the 
licndE  in  the  etreanK  Ilifrh  enibaakinentB  and  deep  excava- 
tiong  will  nstn rally  he  avoided,  if  po^^sible.  The  facee  of  the 
piers  and  ahntinc-nls  should  he  nearly  or  quite  parallel  to  the 
thread  of  tlie  Btj-eain* 

557.  Survey.  With  whatever  considerations  the  locality 
may  have  heeii  selected,  a  cai'efol  survey  must  be  mad©  not 
only  of  it^  bnt  also  of  the  water-course  and  itE  environs  for 
Bc*nie  diBtance  aliove  and  behnv  the  p»int  which  the  bridge 
will  occup^y,  to  enalfle  the  engineer  to  judge  of  the  prc»baWo 
effects  which  tlje  bridge,  when  ei*ected,  may  have  upon  the 
natural  regimen  of  llie  water-conrse. 

The  object  of  the  survey  will  be  to  ascertain  thomugbly 
the  natural  featnres  of  the  surface,  the  nature  of  the  eubsoil 
of  the  l)ed  and  hanks  of  the  watcrH:'4>nrse,  and  the  churacter 
of  the  water-course  at  its  diffei*ent  phases  of  high  and  low 
water,  and  of  freshets.  This  information  will  be  embodied 
in  a  topographical  map;  in  cross  and  lungitndina!  sections  of 
the  water-course  and  the  substrata  of  its  bed  and  banks,  as 
ascertained  by  soundings  and  boringe;  and  in  a  *lpBcriptive 
memoir  whicli,  l>e8ideB  the  usual  state  of  the  water-cimrse, 
should  exhibit  an  account  of  its  (^langcFj  occasioned  either 
by  permanent  or  by  accidental  cansesj  as  from  the  effects  of 
extraordinary  fi-eehets,  or  from  the  construction  of  bridges, 
dams,  and  otlier  ailificial  changes  eitlier  in  the  bed  or  bauks. 

568,  Water-i^iray.  When  the  natural  water-way  of  a  river 
is  obstructed  l»y  any  artificial  means,  the  eontractiun,  if  con- 
siderable, wull  canse  the  water^  above  the  r>oint  %^  liere  the 
obstniction  is  placed*  to  rise  higher  than  the  level  of  tbat 
below  it,  and  produce  a  fall,  with  an  increased  velocity 
due  to  it,  in  the  current  betM^een  the  two  levels.  These 
caueeSi  doring  heavy  freshets,  may  be  priiduetive  of  serious 
injury  to  agriculture,  from  the  ov'ei'flowing  of  tbe  banks  of 
the  water-coui*se ; — may  endanger  if  not  entirely  siiBpend 
navigatitJU,  during  the  seasons  of  fi-esliets  ; — and  expose  any 
stnictnre  which,  like  a  bridM,  forms  the  obstniction.  to  ruin, 
from  the  increased  action  ot  the  current  uptju  the  mn\  anmnd 
its  foundations.  If^  on  the  conti'ai-y,  tlie  natural  water-way  is 
enlarged  at  the  point  where  the  stnicture  is  placed,  with  the 
view  of  preventing  these  consequences,  the  velcKjity  of  the 
current,  during  the  ordinary  staees  of  the  water^  will  be  do- 
ci'eased,  and  tJiis  will  occasion  dejK>&its  to  be  formed  at  the 
pointj  whichj  by  gradually  filling  up  tlie  bed,  mighty  on  a 
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ludden  rise  of  tlie  water^  prove  a  more  serioiiB  obBtrnctioii 
than  the  etnictore  it&elf ;  particularly  if  the  main  bodv  of  the 
water  should  happen  to  be  diverted  by  the  deposit  from  itgi 
ordinary  chainiels,  and  fonn  new  ones  of  greater  depth 
around  the  foundations  of  the  structnre. 

The  water-way  left  by  the  structure  ahonld,  for  the  reasons 
above,  be  bo  rejjiilated  that  no  considerable  change  Bhall  be 
occasioned  in  the  velocity  of  the  current  tJirongh  it  during  the 
most  unfavorable  stages  of  the  water. 

559,  For  the  purpose  of  deciding  npon  the  most  suitable 
velocity  for  tlie  current  throufjh  the  contracted  water-way 
formed  by  the  structure,  the  velocity  of  the  current  and  its 
effects  upon  the  soil  of  the  banks  and  bed  of  the  natural  water- 
way  should  be  cai-ef  ully  noted  at  those  seasons  when  the  water 
U  highest ;  selecting,  in  preference,  for  these  observationSj  those 
points  above  and  belo\^  the  one  which  tlie  bridge  is  to  occupy, 
where  the  natural  water-way  is  most  contracted, 

560,  The  velocity  of  the  current  at  any  point  may  be  ascer- 
tained by  the  simoie  process  of  allowing  a  light  ball,  or  float 
of  some  material, like  white  wax,  or  camphor,  whose  specific 
gravity  is  somewhat  less  than  that  of  water,  to  be  carriea  along 
by  the  current  of  the  middle  thread  of  the  water-course,  and 
noting  the  time  of  its  passage  between  two  fixed  stations. 

561,  From  the  velocity  at  the  surface,  ascertained  in  this 
w^ay,  the  average,  or  mean  velocity  of  the  water,  which  flows 
through  the  cross-section  of  any  water-way  betw^ecn  the  sta- 
tions where  the  observations  are  taken,  is  nearly  f our-tifths  of 
the  velocity  at  the  surface. 

Having  the  mean  velocity  of  the  natural  water-way,  that  of 
the  artificial  water  way  will  be  obtained  from  the  follomng 
expression, 

«  =  m-V, 


in  which  $  and  v  represent,  respectively,  the  area  and  mean 
velocity  of  the  artificial  water-way ;  S  and  V,  the  same  data  of 
the  natural  water-way ;  and  m  a  constant  quantity,  which,  ag 
determined  from  various  experiraents,  may  be  represented  by 
the  mixed  number  1.097. 

With  regard  t-o  the  effect  of  the  increased  velocity  on  the 
bed,  there  are  no  experiraents  which  directly  apply  to  the 
cases  usually  met  with.  Tlie  following  table  is  drawn  up  from 
experiments  made  in  a  confined  channel,  the  bottom  and  side« 
of  the  chamiel  being  fornied  of  rough  boards ; — 
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562.  Bays.  As  a  general  rule,  there  should  be  an  odd 
number  of  ba)^  whenever  the  width  of  the  water-way  is  too 
great  to  be  spaimed  by  a  single  arch.  I>ocal  cireunistances 
may  require  a  departure  from  this  rule;  but  when  departed 
from,  it  will  be  at  the  cost  of  architeetiiral  effec^t ;  since  no 
secondary  feature  can  occupy  the  central  i.Kiiut  in  any  archi- 
tectural composition  without  impairing  the  beauty  of  the 
etnieture  to  tne  eye ;  and  as  the  arches  are  the  main  features 
of  a  stone  bridge,  the  central  point  ought  to  be  (occupied  by 
one  of  them. 

The  wndth  of  the  bays  will  depend  mainly  upon  the  char 
acter  of  the  current,  the  nature  of  the  soil  upin  which  the 
foundationa  rest,  and  the  kind  of  material  that  can  be  obtained 
for  the  masonry. 

For  streams  with  a  gentle  current,  which  are  not  subject  to 
heavy  freshets,  narrow  bays,  or  those  of  a  medium  size  may 
be  adopted,  because,  even  a  oonsidemble  diminution  of  the 
nattiral  water-way  will  not  greatly  affect  the  velocity  under 
the  bridge,  and  the  foundations  tliere fore  will  not  be  liable  to 
be  undermined.  The  difficulty,  moreover,  of  lading  the  fouii- 
datjons  in  streams  of  this  character  is  ^etierally  inconsiderable. 
For  streams  with  a  rapid  current,  and  which  are,  moreover, 
subject  to  great  freshets,  wide  bays  will  be  most  suitable,  iu 
ni"der,  by  procuring  a  wide  water*way,  to  diminii^h  the  daiige? 
to  the  points  of  support,  in  placing  as  few  in  the  stream  as 
prai'ti  cable. 

563.  Classlfioatioii  of  Arches.  Arches  are  classed,  ac- 
coMin^  to  their  concave  surface,  as:  cylindrwuZ^  eoniml^ 
eonau&l.  warped^  anntduTy  g^roined^  doutered^  and  dmrves. 

A  rifjkt  arch  is  one  in  which  the  axis  is  perpendicular  te 
the  face ;  and  an  oblique  arch  is  one  in  wliich  the  axis  is  nol 
])erpendicular  to  the  race. 

A  rmThpant  arcli  is  one  in  which  the  axis  is  not  in  a  horizon 
tal  plane. 

564.  Surfkoes  of  tile  Arch.  The  mffit  Ib  the  inner  con 
cave  surface* 
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The  hack  is  the  external  Burface, 

The  Juee  of  the  arch  is  the  end  surface, 

565,  lines  of  the  Arch.  The  springring  lines  are  the  iijp 
terBections  of  tlie  soffit  with  tlie  abutment ;  as  a\  €\  Fig.  121, 
In  Fig.  115,  B  is  the  projection  of  a  springing  line 

The  span  is  the  cnord  of  the  ciu've  of  right  section,  aa 
DB,  Fig.  115. 
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The  asDis  of  the  arch  is  the  line  passing  through  the  centres 
of  the  sp^n. 

The  rise  is  the  Tersed  sine  of  the  curve  of  right  section,  aa 
AO,  Fi^,  116. 

The  tntradoB  is  the  intersection  of  the  soffit  with  the  face 
of  the  archj  as  DCB. 

The  eostrados  is  the  intersection  of  the  back  of  the  arch 
with  the  face* 

The  intrados  may  be  defined  as  the  inner  curve  of  a  verti- 
cal right  section,  and  the  extrtuioa  as  the  enter  one. 

The  crown  is  the  highest  line  of  the  soffit 

The  coursing  Joints  are  those  lines  which  run  lengthwise  of 
the  arch,  and  separate  the  t^everal  c*>Tir8e8  of  the  stunes. 

The  tieadinq  or  ring  joints  are  those  lines  which  separate 
the  stones,  and  are  nearly  or  quite  parallel  to  the  face  of  the 
arch. 

566.  Volumes  of  the  Arch,  The  blocks  of  atone  which 
form  the  body  of  the  arch  are  called  voussoirs, 

Tlie  kei/stojie  is  the  highest  atone  of  the  arch* 

The  impost  stones  are  the  highest  stcnes  of  the  abutmenli 
and  upon  which  the  arch  direcfly  rests. 
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507.  Cylindrical  Aroh.  Tkis  is  the  most  usual  and 
the  simplest  form  of  arcti.  The  soffit  consiBts  of  a  iwrtior- 
of  a  cjliiidrical  surface.  When  the  section  of  the  cylin- 
der perpendicular  to  tlie  axis  of  the  arch,  termed  a  ri^hi 
section^  cuts  from  the  surface  a  semicircle,  the  arch  is  termed 
a  full  cefitre  arch ;  when  the  section  is  an  arc  leas  than  a 
seraicircle,  it  is  termed  a  segmental  a/rchj  when  the  section 
gives  a  semi -ell  ipse,  it  is  teniied  an  elliphcal  arch  /  when  the 
section  gives  a  curve  reeembling  a  semi-ellipBc,  formed  of  arcs 
of  circles  tan^nt  to  each  other,  the  arch  is  tenned  an  mjo/, 
(Fig.  115,  or  aasket  handle)^  and  is  called  a  corve  of  three^ 
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Jh^e^  seven^  etc.,  centres.  In  order  to  make  the  curve  hortzofi* 
tal  at  the  crown  and  Bymmetrical  in  reference  to  a  vertical 
line  through  the  centre,  there  must  be  an  odd  number  of  area. 
When  the  intradoe  is  composed  of  two  arcs  meeting  at  the 
highest  point  of  the  curve,  it  is  called  a  pointed^  trig.  IIOJ 
or  an  ohtum  or  aurbased  arch^  (Fig.  117.) 


AB0HS8. 


38S 


508.  Oblique  Arches,    If  the  obliquity  of  the  arch  ia 

small,  it  may  be  constructed  like  tlie  rigfit  arch»  but  when  the 
obliquity  is  considerable,  or  in  other  words  when  the  angle 
between  the  axis  and  face  is  considerably  less  or  greater  than 
00  degrees,  the  pressure  upon  the  voussoirs  near  the  end  of  the 
Bpringing  lines  wonld  be  very  oblique  to  the  beds,  and  at  the 
acute  angles  would  tend  U*  force  the  voussoirs  out  of  place  if 
the  coursing  joints  arc  made  parallel  to  the  axis.  To  obviate 
this  defect  the  conraing  joints  arc  inclined  to  the  cylindrical 
elements,  as  will  now  be  explained. 

An  ideal  mode  of  detenuining  the  coursing  joints  is  to 
conceive  the  arch  to  be  intei-sected  by  an  indefinite  number 
of  vertical  planes  parallel  to  the  face,  thus  making  an  indefi- 
nite number  of  curves  like  the  end  ones.  Then  begin  at  any 
point,  as  rf,  Fig.  118>  and  pass  a  line  along  the  aoflit  so  as  to 
cut  all  the  fonner  curves  at  right  angles,  and  we  have  an 
ideal  coursing  joint.  The  line  d  c.  Fig.  118,  represents  such 
a  line.  Other  similar  curves  are  also  sho^vn.  The  equation 
of  these  when  developed  is  logarithmic.  They  are  all  asymp- 
totes to  the  springing  line.  The  plan  of  these  curves  is  shown 
in  Fig.  119.  A  suitable  number  of  vertical  intersections  may 
be  selected  for  determining  tlie  ring-ioints,  portions  of  whicn 
only  are  used,  as  J  c»,  Fig.  118,  ana  i',  a\  Fig,  119, 
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TluB  nrodo  of  determining  the  coursinpf  joints  is  very  ob- 
)ectionable  in  practice,  because  the  voiiBsoirs  must  constantly 
vary  in  width  as  we  pass  from  one  end  to  the  other ;  and  aa 
the  bed-surfaces  are  warped,  it  makes  it  exceedingly  difficult 
to  make  tlie  vouBsoirs  of  proper  shape. 

The  method  of  making  the  conrsnip  Joints  nearly  or  quite 
parallel  to  each  other^  sometimea  called  the  English  metliod, 
IS  more  simple^  and  gives  as  good  resnlts  as  the  preceding 
metliod. 
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Fi£]c*  1-1  18  tlie  elevation  of  Biich  hxi  oblifiiic  arch,  and  Fig, 
120  18  the  plan.  The  system  here  shown  is  sometimes  called 
**  Buck's  System."  In  order  to  construct  tliis  system 
graphically,  we  conceive  that  the  soffit  is  devehipcd,  or 
rolled  out  about  the  springing  line  a  c.     Let  m/'  be  a  right 
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lection  (which  is  here  supposed  tx3  be  circular).  Conceive 
fhat  it  is  revob'ed  down  to  coincide  with  the  horizontal  plane, 
and  tliat  the  circiunference  is  divided  into  a  convenient  imm* 
ber  of  equal  parts,  and  through  the  points  of  division  conceive 
that  cylindrical  eleinentg  are  drawn,  as  shown  in  the  plan. 
In  the  development  the  circninference  of  the  semicircle  will 
become  the  line /"J,  and  the  cylindrical  elements  will  be,  as 
shown,  parallel  to  the  springing  line  ac.  From  the  points 
where  tne  horizontal  projections  of  the  cylindrical  elements 
intersect  the  face  a  l\  draw  lines  parallel  to/6,  and  note  their 
intersections  with  the  developed  position  of  the  cylindrical 
elements,  and  the  curve  a  d  b  thi-ough  these  points  will  be  the 
development  of  the  intrados  of  obhque  section.  In  a  similar 
way  find  o  A. 

Join  a  b  with  a  straight  line,  and  divide  it  into  as  many 
equal  parts  as  there  are  to  he  voussoirs  in  the  face.  In  the 
figure  there  are  eight  such  parts.  When  there  is  an  even 
number  there  will  be  a  joint  at  the  crown,  but  when  an  odd 
number  there  will  be  the  appearance  of  a  keystone  at  the 
cro\vn.  Frc»m  c  at  the  end  of  the  springinfij-liue  ao 
draw  a  perpendicular  cd  to  the  line  ahy  ana  it  it  passes 
through  one  of  the  divisions  previously  determined  on  a  i,  wo 
proceed  with  the  construction ;  but  \(  it  does  not,  we  make 
such  a  chan^  in  the  data  as  will  make  it  perpendicular^ 
This  may  be  done  in  several  ways*  We  may  erect  a  perpen- 
dicular to  ab  fi'om  the  joint  which  is  nearest  the  foot  of  tlie 
perpendicular  previously  drawn,  and  note  where  it  inter- 
sects the  springHig-line,  and  change  the  length  of  the  arch  so 
tJiat  it  will  pass  through  that  point.  Or  we  may  change  the 
obliquity  of  the  arch,  or  change  the  number  of  divisions  of 
the  line  a  b.  If  the  fof>t  of  the  perpendicular  should  fall  near 
a  division,  the  line  may  be  changed  so  as  to  passtlirough  the 
point  and  leave  it  slightly  out  of  a  perpendicular.  We  might 
also  disregard  tfie  condition  that  the  perpendicular  rf<?  should 
pass  through  the  end  of  the  springing-line  a  c;  but  this  is  ob- 
jectionable, because  the  opposite  sides  of  the  arch  would  ihen 
not  be  alike. 

Having  fixed  the  position  of  od^  we  proceed  to  draw  lines 
through  the  several  points  of  division  of  a  6,  parallel  to  c  d.  It 
BhouM  be  observed  that  points  through  which  these  parallel 
lines  are  drawn  are  on  the  straight  line  adb^  and  not  on  the 
carved  line  <^  1,  2,  etc.  The  parallel  lines  thus  drawn  arc  the 
€0  urHngjo  in  ts.  The  de  velop  men  t  of  the  r  ing  joints  fn ,  e tc., 
are  perpendicular  to  the  developed  coursing  joints,  and  hence 
will  be  n3rmal  to  each  other  in  their  true  position  in  the 
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arch;  and  hence  it  is  evident  that  the  inti-ados  in  oblique 
section  a  b  will  not  be  pei*pendicular  U)  the  coni'sing  joints. 
And  ginee  the  projection  of  the  faee  is  a  atraigbt  line,  ak^  it 
is  evident  that  tne  Ixorizontal  projection  of  a  ring  joint  will  be 
a  curved  line /Vi,  the  ]ix>sition  or  which  nuiy  be  determined 
liy  reversing  tlie  process  by  which  a  \  %  b  was  found,  Tlie 
horizontal  projeetion  of  the  com-sing  joints  will  alsti  be  curved 
lines. 

This  constiniction  evidently  makes  the  divisions  a  1-12-23, 
etc*,  on  the  curved  line  adb^  iineqnaL  The  space  a  1  on 
the  development  is  laid  off  on  the  arc  in  the  elevation  fram  a. 
The  space  1-2  is  next  laid  oft;  and  so  on.  By  developing  the 
extmaos  and  determining  the  points  of  division  on  tiie  back 
of  the  arch,  we  maj^  construct  the  radial  lines  in  the  face  of 
the  arch.  These  lines  are  slightly  curved  in  the  arch,  but  it 
is  found,  by  constructing  the  arch  on  a  large  scale,  that  the 
chords  oi  the  arcs  o  py  etc.,  alt  pass  through  a  common  point 
61  The  coursing  joints  and  ring  joints  in  the  elevation  are 
easily  determineu  from  the  plan. 

The  bed-surfaces  of  the  voussoirs  may  be  generated  by  con* 
ceiving  a  radial  line  to  pass  through  one  comer  of  them 
(which  will  be  normal  to  the  sotlit)  and  moved  along  on  a 
coui*sing  joint,  keeping  it  constantly  normal  to  the  soffit 
This  line  will  generate  a  true  helicoidal  surface.  The  end 
surfaces  of  the  voussoirs  ai*©  generated  in  a  similar  way  by 
moving  a  radial  line  aloug  a  ring  joint,  and  lience  these  sur- 
faces are  also  helicoidal.  The  lengths  of  the  end  voussoirs, 
measured  on  the  back  of  the  arch  next  to  the  oblique  angles, 
will  l)e  shorter  than  those  next  to  the  acute  angleSj  while  all 
those  in  the  body  of  the  arch  will  be  like  each  other, 

Mr.  Hart,  an  English  author,  proposed  a  method  which 
differed  from  tlie  one  above  explained  in  the  following  par- 
ticulai*a  :  The  spaces  in  the  curved  line  a  dh  were  made  equal 
to  each  other ;  the  coui*8ing  joints  were  stmight,  and  passed 
through  the  points  ui  division  at  the  (jpp(»sito  ends  of  the  arch 
in  the  developed  intrados  ;  hence,  the  coui-sing  joints  in  this 
evstem  are  not  parallel  to  each  other.  Another  distinction  is, 
the  ring  joints  and  end-faces  of  all  tlie  voussoii-s  are  parallel 
to  the  end  of  the  arch,  and  hence  the  end-faces  are  plane. 
This  might  simplify  the  construction,  but  it  does  not  use  the 
materiat  from  which  the  voussoira  are  cut  as  economittally  ai 
the  preceding  system.  In  this  system  the  bod-surfaces  are 
helicoidal,  as  in  the  preceding  system.  The  preceding  system 
seems  to  be  thorouglily  scientific  and  quite  as  easily  executed 
as  Uie  latter,  or  of  any  other  conceivable  system  in  which  the 
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joiTits  are  spiral*  In  practice,  ternplets  and  heveh  are  made,  in 
order  to  guide  the  workiaen  in  malcing  tJie  angles  and  surfaces 
of  the  voua«uir8. 

569.  Arched  Bridges,  Cylindrical  arches  with  anv  of  the 
usual  forms  of  cxirve  of  iiitrado8  may  be  used  for  bridges. 
The  selection  will  be  restricted  by  the  widtli  of  tlie  bay,  tlie 
highest  water-level  during  freshet^?,  the  approaches  to  the 
brido^e,  and  the  architectural  effect  which  may  be  produced 
by  tlie  structure,  as  it  is  more  or  less  exptised  to  view  at  the 
intermediate  stages  between  high  and  low  water. 

Oval  and  segment  arches  are  mostly  preferred  to  the  full 
centre  arch,  particularly  for  medium  and  wide  bays,  for  the 
reasons  tliat,  for  the  same  level  of  roadway,  they  afford  a  more 
ample  water-way  nnder  tliem,  and  their  heads  and  spandrels 
offer  a  smaller  surface  to  the  pressure  of  the  water  during 
freshets  than  the  full  centre  arch  imder  like  circurnstancei*. 

The  level  of  the  springing  lines  will  depend  upon  the  rise 
of  the  arches,  and  the  height  of  tlieir  crowns  abo\'e  the  water- 
level  of  the  highest  freshets.  The  cro^vn  of  the  arches  should 
not,  as  a  general  rule,  be  less  than  three  feet  above  the  high* 
est  known  water-level,  in  order  that  a  passage-way  may  be 
left  for  floating  bodies  descending  during  freshets.  Between 
this,  the  lowest  position  of  the  crown,  and  any  other,  the  rise 
should  be  so  chosen  that  the  approaches,  on  the  one  hand, 
may  not  be  unnece^arily  raised,  nor,  ou  the  other,  the  spnng- 
ing  lines  he  placed  so  low  as  to  mar  the  architectural  effect 
of  the  structure  during  the  ordinary  stages  of  the  water. 

When  the  arches  are  of  the  same  size,  the  axis  of  the  road- 
way and  the  piincipal  architectural  lines  which  run  lengthwise 
along  the  heads  of  the  bridge,  as  the  ton  of  the  parapet,  the 
cornice,  etc.,  etc*,  will  be  horizontal,  and  the  bridge,  to  use  a 
common  expression,  be  on  a  d^id  level  tlii*oughout.  This  has 
for  some  time  been  a  favorite  featm'e  in  bridge  architecture, 
few  of  the  more  recent  and  celebrated  bridges  being  without 
it,  as  it  is  thought  to  give  a  character  of  lighlness  and  bold- 
ness to  the  stmctiire. 

570.  Centres.  Before  an  arch  is  constructed  a  strong  sup- 
port or  framework  is  erected  to  support  the  arch  until  trie 
work  is  completed.  This  support  is  called  t/ie  centerino  vf 
the  arch.  It  must  be  made  strong,  and  so  as  to  settle  as  little 
as  possible  while  the  masoniT  is  being  erected  ;  and  in  arches 
of  long  span  it  must  be  so  erected  and  suppoiled  that  it 
may  be  remo%'ed  without  causing  local  or  cross  strains  In 
the  arch.  To  accomplish  this,  the  centering  should  be  re- 
moved fi-om  the  entire  soffit  at  the  same  time.  It  is  eepe- 1 
19 
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ciallv  detrimental  to  relieve  one  side  whilst  the  other  sid^  Ii 
fimily  BHpjxirted. 

571.  Means  used  for  striklag^  Centres.  Wlien  the  ai  eli  is 
outiipleted  the  centres  are  detached  from  it,  or  struck.  To 
effect  thiB  in  large  centres  an  arrangement  of  wedge  blouka 
18  used,  termed  the  striking'plate^^  by  means  of  'which  the 
centre  iiuiy  l*e  gradual ly  lowered  and  separated  from  the 
soffit  of  the  arcli.  This  arrangement  conaietB  (Fig,  125)  in 
forming  steps  upon  the  npper  surface  of  the  beam  which 
forms  Uie  framed  support  to  receive  a  wedge-shaped  block, 
on  which  anotlier  beam,  having  its  under  surface  also  ar- 
ranged with  stepSj  rests.  The  struts  of  the  ril>  either  abut 
against  the  npper  surface  of  the  t4jp  beam,  or  else  are  inserted 
into  cast-irc»n  sockets,  termed  shoe-nlMes^  fastened  to  this 
Burface.  The  centre  is  struck  by  driving  back  the  wedge 
block. 

572.  Wlien  the  struts  rest  upon  intennediate  supports  be- 
tween the  atjutmeiitd,  double  or  folding  wedges  mi^y  be 
placed  uuder  the  struts,  or  else  upon  the  back  pieces  of  the 
ribs  under  each  bolster.  The  latter  arrangement  presents 
the  advantage  of  allowing  any  part  of  the  centre  to  be  eased 
from  the  sumt,  instead  or  detaching  the  whole  at  once  as  in 
tlie  other  methods  of  striking  weclgcs.  This  method  was 
eriijjloyed  for  the  centres  of  Grosvenor  Bridge  (Fig.  124), 
over  the  river  Dee  at  Oliester,  and  was  perfectly  successful 
both  in  allowing  a  gradual  settling  of  the  arch  at  various 
points,  and  in  the  operation  of  striking. 

573.  A  novel  applicati<jn  of  sand  to  the  striking  of  centres 
has  lately  been  made  with  success.  Vessels  containing  the 
sand  are  placed  on  tiie  supports  for  the  centres,  and  are  so 
armnged  near  the  bottom  tliat  the  sand  can  he  allowed  to  nm 
out  slowly  wlien  the  time  contes  for  striking.  The  centres 
are  placed  on  tlieae  vessels  and  keyed  up  in  the  usual  way< 
To  lower  thorn,  tlie  sand  is  allowed  to  run  out  and  let  the 
centres  gmdually  down.  This  tFiethod  has  the  advantatje  of 
steadiness  of  lowering  each  ril>  of  tlie  centre,  and  of  not 
alio^ving  one  to  come  down  more  rapidly  t!mn  the  others. 
After  the  sand  has  all  run  out,  the  ceiiti*es  can  he  taken  down 
in  the  ordinary  manner. 

574.  For  small  light  arches  (Fig,  122)  the  ribs  may  be 
formed  of  two  or  more  thicknesses  of  short  boards,  tinnly 
nailed  together;  the  boards  in  each  course  abutting  end  to 
end  by  a  joint  in  the  direction  of  the  radius  of  curvature  of 
the  arch,  and  bj'eaking  joints  with  those  of  the  other  course. 
'J'he  ribs  are  shaped  to  tne  form  of  the  intrados  of  the  arch, 
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to  receive  the  bolsters,  which  are  of  battens  cat  to  suitable 

len^lifl  and  nailed  to  the  ribs. 
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575,  For  heavy  arches  with  wide  epans,  when  firm  int-er- 
mediate  ptintB  of  support  can  be  procured  between  the  abut- 
ments, the  back  pieces  (Fig.  123)  may  be  snpported  by  shores 
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placed  under  the  blocks  in  the  direction  of  the  radii  of  eorva- 
tnre  of  the  arch,  or  of  inclined  stmts  (Figj.  124)  refuting  on  the 

IxVmts  of  sopjiort.     The  ghores,  or  struts,  are  prevented  from 
>ending  by  braces  suitably  placed  for  the  purjKjse. 

If  intermediate  points  ot  suppoit  cannot  be  obtained,  a 
biTiad  framed  snpport  must  l>o  made  at  each  abutment  to 
receive  the  extremities  of  the  struts  tbat  sustain  the  back 
pieces.  The  framed  Bnpport  (Fig.  125)  consists  of  a  heavy 
beam  laid  either  horizontally  or  inclined,  and  is  placed  at  that 
joint  of  the  arch  (the  one  which  makes  an  angle  of  about 
30^  with  the  horizon)  where  the  votissoii-s,  if  unsupported 
beneath,  would  slide  on  their  beds.  This  beam  is  borne  by 
shores,  which  find  firm  points  of  support  on  the  foundationi 
of  the  abufment. 

The  back  pieces  of  the  centre  (Fig.  135)  may  be  snpported 
by  inclined  stnitSj  which  re«t  immediately  upon  the  fj*amed 
auppirt,  one  of  the  two  struts  under  each  block  renting  upon 
one  of  the  framed  supports,  the  other  on  the  one  on  the  oppo- 
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Bitc  Bide,  the  two  itnits  being  so  placed  as  to  make  equal 
angles  with  the  radiiit^of  curvature  of  the  arch  drawn  tlirotigh 
the  middle  point  of  the  block.  Bridle  pieces,  placed  in  the 
direction  of  the  radios  of  curvatui^,  embrace  the  blocks  and 
stmtfi  in  the  nsual.  manner,  and  prevent  the  latter  from  aag- 
giDg.  This  combination  presents  a  figure  of  invarialile  form, 
as  the  strain  at  any  one  point  h  received  by  the  struts  and 
transmitted  directly  to  the  fixed  points  of  snpport.  It  has 
the  disadvantage  oi  requiring  beams  of  great  length  when  the 
Bpan  of  the  arch  is  considerable,  and  of  presenting  frequent 
croflsinsf  of  the  struts  where  notches  will  be  requisite,  and  the 
itrengtli  of  the  beams  thereby  diminished. 

The  centre  of  Waterloo  Bridge,  over  the  Thames  (Tig.  125), 
was  framed  on  this  principle.  To  avoid  the  inconveniences 
resnlting  fi'om  the  crossing  of  the  struts,  and  of  building 
beams  of  suflicient  length  where  the  stmts  could  not  Ive  pro- 
enred  from  a  single  beam,  the  device  was  adopted  of  receiv- 
ing the  ends  of  several  struts  at  the  points  of  crossing  into 
a  large  cast-iron  socket  suspended  by  a  bridle  piece 

576.  Wien  the  preceding  combination  cannot  be  employedf 
a  Rtrc»ng  truss  (Fig.  126),  cxiuBiBting  of  two  inclined  stmts, 
resting  upon  the  framed  supports,  and  abutting  at  top  against 
a  straining  beam,  may  be  formed  to  receive  the  ends  of  some 
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of  the  Stmts  which  BUpport  the  back  pieces*  This  combina- 
tion, and  all  of  a  like  cliaraeter,  require  that  the  arch  should 
not  bo  constructed  more  rapidly  on  one  side  of  the  centre 
than  on  the  other,  as  any  inequality  of  strain  on  the  two 
halves  of  the  centre  would  have  a  tendency  to  cHauge  the 
•hape  of  the  f rame,  thruBtiBg  it  in  the  dii-ectiou  of  the  greater 
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577*  Style  of  Architecture.  The  deftign  ai  ,d  constmrtim 

ol  a  bridge  ehould  be  ^'%'enied  by  the  }*ame  gencrui  pritisi* 
pies  aa  atiy  otiier  architecturai  corapoeitioD.  As  the  object  of 
a  bridge  jb  to  hear  heavy  Ioad&,  and  to  withfitan<l  tJie  effect! 
of  one  of  the  intjer  de^tractive  agents  with  whieh  the  enginoer 
has  to  coritend,  the  general  character  of  its  architecture 
ehouid  he  that  of  strength.  It  should  not  only  l>e  ftcenre,  but 
to  the  apprehenBion  aitpear  so.  It  should  be  en n ally  removed 
from  Egyptian  masMlvenesi*  and  G^rinthian  liglituesii ;  wjillei 
at  the  same  time,  it  should  conf orra  to  the  feuturcrt  uf  the 
Borroimdhig locality,  being  more  ornate  and  carefully  wrought 
in  ite  minor  details  in  a  city,  and  near  buildinge  of  a  Bump- 
tnous  style,  than  in  more  obscure  quarters;  and  iii^uming 
every  shade  of  conformity,  from  that  which  would  be  in 
keeping  with  the  humblest  hamlet  and  tamest  landscape  to 
the  boldest  features  presented  by  Nature  ajid  Art.  Sim- 
plicity and  strength  are  its  natural  characteristics  ;  all  urna- 
mcTit  of  Jet^iil  being  rejected  which  is  not  of  obvious  utility, 
and  suitable  to  the  jxnntof  view  from  which  it  must  be  seen ; 
as  well  as  all  attempts  at  boldness  of  general  design  which 
might  give  rise  to  a  feeling  of  insecurity,  however  unfounded 
in  i-eaUty.  The  heads  of  the  bridge,  the  cornice,  and  the 
imni]>et  should  generally  present  an  unbroken  outline ;  this, 
litjwever,  may  lie  departed  from  in  bridges  where  it  is  desira- 
ble to  place  receis.aes  for  seats,  so  as  not  to  interfere  with  the 
focjtpathe ;  in  which  case  a  plain  buttress  may  be  built  above 


which  will  be  obvious,  while  it 
additional  strentrtli 


will  give  an  appearance  of 
when  tlic  height  of  the  parapet  above  the 


eacli  starling  to  suj^port  the  recess  and  its  seats,  tJie  utility  of 
'  'ch  will  be  obv^ 

1  strentx 
sturliJigs  is  at  all  consideralfle 

578.  Construction.  The  methods  of  laying  the  founda- 
tions of  structures  <>f  stone,  &c.,  deserihed  under  tlie  article 
of  Miisonry,  are  alike  applicable  to  all  structures  which  come 
under  this  denorniuation* 

579.  Various  expedients  have  been  tried  to  secure  the  bed 
of  the  natural  water-way  around  and  between  the  piere: 
among  flie  most  simijle  and  efticacious  of  which  is  that  oi 
coven  ng  tlie  surface  to  !>e  protected  by  a  Imd  of  stone  bmken 
into  fragments  of  sufficient  bulk  to  resist  the  velocity  of  the 
current  in  the  liayg,  if  the  soil  is  of  an  ordinary  clayey  mud; 
but,  if  it  be  of  loose  sand  or  gravel,  the  surface  should  be 
fii'Bt  ci>vered  by  a  bed  of  tenacious  clay  l)efoTO  the  stone  be 
thnjwn  in.  The  voids  between  the  blocks  of  stone,  in  time, 
become  filled  with  a  deposit  of  mud,  which,  acting  as  i 
cement,  gives  to  the  mem  a  character  of  great  durability. 
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580.  The  foundation  conrses  o±  the  piers  ihould  be  f orrnea 
of  hesLYj  blocks  of  cut  stone  boiidea  id  the  most  careful 
manner,  and  carried  up  in  offsets.  The  laces  of  the  piers 
should  be  of  cut  stone  well  bonded,  Thej  may  be  built 
either  vertically,  or  with  a  eli^^bt  batter.  Their  thickness  at 
the  impost  should  be  greater  tliau  what  would  be  deemed 
sufficient  under  ordinary  circumstances ;  as  they  are  expensed 
to  the  destructive  action  of  the  current,  and  of  shocks  from 
heavy  floating  bodies ;  and  from  the  loss  of  weight  of  the 
parte  immei'sed,  owing  to  the  buoyant  effort  of  nie  water, 
their  resistance  is  decreased.  The  most  siiccesfiful  bridge 
architects  have  adopted  the  practice  of  making  the  thickness 
of  the  piers  at  tlxe  imf)ost  between  one  sixth  and  one  eijjhth 
of  the  span  of  the  arch.  The  thickness  of  the  piere  of  the 
bridge  of  Neuilly,  near  Paris,  built  by  the  celebrated  Perronet, 
whose  works  form  an  ejxjch  in  modern  bridge  architecture,  is 
only  one  ninth  of  the  span,  its  arches  also  bejng  remarkable 
for  tlie  boldness  of  tlieir  curve. 

581.  The  usual  practice  is  to  give  to  all  the  piers  the  same 
proportional  thickness.  It  ha^, liuwever,  been  ref^ommended 
by  some  engineers  to  give  sufficient  thickness  to  u  f^w  of  the 
piers  to  resist  the  horizontal  thrust  of  the  arches  on  either  side 
of  them,  and  thus  secore  a  part  of  the  structure  fiTjni  ruin, 
should  an  accident  happen  to  any  of  the  other  piers.  These 
masses,  to  which  the  name  aiutment  piers  has  been  applied, 
would  be  objectionable  from  the  diminution  of  the  natural 
water-way  that  would  be  caused  by  their  bulk,  and  from  the 
additional  cost  for  their  construction,  besides  impairing  the 
arcliitectural  effect  of  the  struc^ture.  They  present  the 
advantage,  in  addition  to  their  main  object,  of  pernntting  the 
bridge  to  be  constructed  by  sections,  and  thus  procure  an 
economy  in  the  cost  of  the  wooden  centres  for  the  arches. 

582.  The  projection  of  the  starlings  beyond  the  heads  o£ 
the  bridge,  their  form,  and  the  height  given  to  them  above 
the  springing  lines,  will  depend  upon  local  circumstances. 
As  the  main  objects  of  the  starlings  are  to  form  a  fender  or 
Quard  to  secure  the  masonry  of  the  spandrels,  &c.,  from 
being  damaged  by  floating  bodies,  and  to  serve  as  a  cut-water 
to  turn  the  current  aside,  and  prevent  the  formatiuu  of  whirls, 
and  their  action  on  the  bed  around  the  foundations,  the  form 
given  to  them  should  subserve  lx»th  these  purposes.  Of  the 
different  forms  of  horizontal  section  whica  have  been  given 
to  starlings  (Figs.  127,  128,  129,  130),  the  semi-ellipse,  from 
experimentfi  caref  nlty  made,  with  these  ends  in  view,  appear! 
beet  to  satisfy  both  objects. 


Dflfj  tt^^ifirt  waier-Ievd.  Tbey  are  finisbed  it  top  with  a  oop 
iii|(  itofie  to  praerre  the  inaiBoiiiy  from  the  aetioii  of  rai% 
&e. :  tliif  itooe,  ternied  the  hoocL,  may  reoetve  a  eonical,  a 
ipberosdal,  ot  any  other  abape  whieh  will  aobeerfe  the  object 
to  nev,  afid  proauoe  a  pleanng  arcbtftectmal  effsel,  in  keep* 
{ng  with  the  kx:aUty* 
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In  Btroams  Biitject  tu  freeliete  aiid  ice,  ine  np-etrcam  eta^ 
lings  should  receive  a  greater  projection  than  those  down 
stream,  and,  moreover,  be  built  m  the  form  of  an  inclined 
plane  (Fig.  135)  to  facilitate  tlie  breaking  of  the  ice,  and  ita 
passage  through  the  arches. 
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Tig.  195—  R«pr(>«WDtn  ft  Ride  Heimti  a 
•imI  plim  N  of  a  pier  of  tbo  Pofeo- 
mM!  n,qtiFHlnnt^  urmngvcl  with  aa 
IcA-brci^er  RtArllng. 

A,  U|»>atmm  sUrllng,  with  tht  ha- 
elliMrl  |o»'br<!«kt!r  D,  which  riiet 

thAt   of  ttio  hf^eat  frtahetii 

B,  derwiHitraain  •turllnff. 
C  Cmo  of  plifT. 

B,  top  of  pier. 

F,  taorltottUl  pfoJooUoa  of  top  of 

twbffiUter, 
QQl   hoirixontft]    projccftloa  of  ^mh 

of  plor  Mid  ntvilngs. 


583.  Where  the  hanks  of  a  water-conrse  spanned  by  « 
bridge  are  m  steep  and  difficult  of  access  that  the  njadway 
must  be  raised  to  tlie  same  level  with  tlicir  crests,  i.ecnritT 
for  the  foundation,  and  economy  in  the  construct j(»n  ilemana 
that  holhw  or  apen  pi^rs  be  need  instead  of  a  solid  mass  of 
masonry.  A  coustrnction  of  this  kind  requires  great  pre- 
caution. The  facing  coui-ses  of  the  piers  must  be  of  heavy 
blocks  dressed  with  extreoie  accuracy.  The  starlings  nmst 
be  built  solid.  The  faces  must  be  connected  by  one  or  more 
iTosfi  tie- walls  of  heavy,  welbbonded  blocks  ;  the  tie- walls  be- 
ing connected  frf>m  distiince  to  distance  vertically  by  strong 
tie-blocks  ;  or.  if  the  width  of  the  pier  be  cousiderable^  by  a 
lie-wall  along  its  centre  Hue. 

584.  The  foundations,  the  dimensious,  and  the  form  of  the 
ahntmetits  of  a  bridnre  will  be  regulated  upon  the  same  princi' 
pies  as  the  like  parts  of  other  arched  atruntures ;  a  juoicioua 
conformity  to  the  character  of  strength  demanded  by  the 
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Rtrnctare,  and  to  the  recjiuremeiits  of  the  localitv,  being;  ol> 
9<?rvea.  Ttio  wails  wnidi  at  the  extremities  ui  the  oridge 
form  the  coutinuatioD  of  the  heads,  and  sostain  the  embank- 
ments of  the  approaehes,— and  which,  from  their  widening 
out  from  the  general  line  of  the  heads,  so  m  to  form  a  gradual 
contraction  of  the  avenue  by  which  the  bridge  is  approached, 
are  termed  tlie  wing-walls^—^rve  as  firm  buttresses  to  the 
abutments.  In  some  cases  the  back  of  the  abutment  is  ter- 
minated by  a  cylindrieal  arch  (Fig,  136)  pUoed  on  end,  or 
having  its  right-line  elements  vertical,  which  connects  the 


F1^.  la^— RqprwwnU  m  bariwrnUU  Mctloa  of 
AD  ftbotmatt  A^  wit^  oarved  wlng-wmUsB, 
B,  coDtie««Ml  with  a  orfitna  buttroai  C, 


sontal  wctioii  of  ftn  »bat- 
ment  A,  wttb  ■tmiKtit  wlog- 
walli  a,  B,  tarmioAtad  hf 
reUiRi-waUi  0,  G.  D,  < 
buttrmK 


two  wing-walls.  In  others  (Fig.  137)  a  rectangular-shaped 
huttrees  is  built  back  from  the  centre  line  of  the  abutment, 
and  is  connected  with  the  wing-walls  either  by  horizontal 
arches,  or  bj  a  vertical  cross  tie-wall. 

585.  The  wing- walls  may  be  either  plane  surface  walla 
(Fig.  138)  arranged  to  make  a  given  angle  with  the  heads  of 
the  bridge,  or  they  may  l)e  curved  surface-walls  presenting 
their  concavity  (Fig.  145)  or  their  convexity  to  the  exterior; 
or  of  any  other  shape,  w  hether  presenting  a  continuous  or  a 
broken  surface,  that  the  locality  may  demand. 

B8u.  The  archea  of  bridges  demand  great  ca^  in  propor 
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9W.  188--B«r'n«fQ«i  «0  ciUiwfeloo  IT  wt  plM  N  of  • 
porttoit  of  A  liiifflft  arob  bddffs  wlcb  s:nlght  wlnr 
Wfrllt  MMtAlnlnff  AO  <mih»nknM«t  »anrai  ibji  toU*/  oi 


o, «!',  Ikoe  of  wLnff-WftIL 


a,  «r,  no0  or  wing- 
ft,  fr\  iMe  al^pe  of  i 
^  c'  top  of  wlatf  w 
0w «%  taidST  or  gOA 
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tionirig  tlie  dimensiona  of  the  vouBsoirSj  and  procuring  accu- 
racy in  their  forms,  as  the  strength  of  the  etriM^ture»  and  the 
fjermanenco  of  its  figure,  will  ilut>etid  rliielly  iirKui  the  atten- 
tion hestowed  on  these  points,  Teculiar  care  Riiould  be  ^iven 
in  arranging  the  inaflonry  above  tlie  prers  which  lies  between 
tlie  two  adjacent  arehes.  In  some  of  tlio  more  recent  l>ridges, 
(Fig.  139,)  this  part  is  built  up  mVul  but  a  sliort  distance 
above  the  imposts,  generally  not  higher  than  a  fourth  of  the 
rifle,  and  is  finished  with  a  revei"&ed  areh  to  give  greater  se- 
curity agamst  the  effects  of  the  pressure  thrown  upon  it. 

The  backs  of  the  arches  should  be  covei*ed  with  a  water- 
tight capping  of  bettui,  and  a  coating  of  aspltaltum. 

587.  Tlie  entire  8paod!*el  conrsesof  the  heads  are  usually 
not  laid  until  the  arches  liave  been  uneentred,  find  have  set- 
tled, in  order  that  the  joints  of  these  cor*i*ftes  Tuay  not  be  snb 
jeet  fro  any  other  cause  of  displacement  than  what  may  arise 
from  the  c-ffects  of  variations  of  temjierature  upon  the  arches. 
The  thickness  of  the  head- walls  will  depend  ni>on  the 
method  adopted  for  sn p port i rig  the  roadway.  If  this  be  by  a 
filling  of  earth  between  the  head-walls,  then  their  thicknens 
must  be  calculated  not  only  to  resist  the  pret^sure  of  the  earth 
which  they  sustain^  but  allowance  must  also  be  made  fo*  the 
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F1«,  I3SU.B«|«reMPDti  m  loofltndtnAl  MCtfon  of  &  portion  of  a  pier  uid  fcrandafctocu,  and  of  tt 
itfch  and  Its  centre  of  the  aav  LatiidQa  hridg«  over  tb*  Thmmm, 

A,  floiib  of  Rotid  •fwfidrtt]  wltk  wrgrwd  Aralt. 

B,  v«d|t«  of  fetrfldni;  plateiw 

0,  raoBM  over  Uie  ■terllog*  tm  •eaift, 

effects  of  the  shocks  of  floatieg  bodies  in  weakenirifi^he  bond, 
and  separating  the  blocks  from  their  mortar-bed.  xhe  more 
afjproved  methods  of  supportine:  the  roadway,  except  for  very 
flat  segment  arches»  are  to  lay  me  road  materials  either  nuon 
broad  flacrginp  stones  (Figs.  139,  140,)  which  rest  upon  tain 
brick  walls  built  paraltel  to  the  head- walls,  and  snpported  by 
the  piers  and  arches ;  or  by  small  arches j  (Fig  141)  for 
whicn  these  walli  serve  as  piers ;  or  by  a  system  of  small 
groineJ  archer  supported  by  pillars  resting  upon  the  piers 
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rig.  140^B«praienU  •  pnlB*  ol 
Fir.  lUtt  throuifh  tb«  oentn  of 
the  plcTf  Hbowlngr  the  aming^ 
tnunt  of  the  itxulwfty  Add  IM 

A,  •mHod  of  mMoozy  of  pier  and 

^  At,  Mctloiiii  of  wfttit  panUlel  to 
hoMl^weill,  wtLidh  mi^port  ttt* 
flBflstiig  itoiMi  on  whtcU  Uitt 
RMidWi^  1«  tKld. 

0|  MOttoo  of  hcftd'WKU  uid  toot* 
ttmm  ftboYQ  tlie  flU^ling  <t. 

/,  reoeM  for  iMti  orw  tlit  bot' 

o,  curatoe  and  pu«p«l, 

»,  Twtlcsa  ooodnli  in  tho  iritt 
commtuilafttliw  wiUi  two  otb- 
en  nndflr  tbo  nwdwi^y  froa 
ttM  lAdoohuttali. 


and  main  ftrches.  When  either  of  these  methods  is  used,  tlie 
head- walls  may  receive  a  mean  thiekBess  of  one  fifth  of  their 
height  above  tlie  suhd  spandrel, 

588*  Superstructure.  The  superstructure  of  a  bridge  con- 
sists of  a  cornice,  the  rtmdway  ana  footpaths,  &c.,  and  a  par- 
apets 

Tlie  object  of  the  cornice  is  to  shelter  the  face  of  the  head- 
walls  from  rain.  To  eulmerve  this  pumose,  its  projection  be- 
)'ond  the  surface  to  be  sheltered  should  be  the  greater  as  the 
altitude  f^f  the  sheltered  part  is  the  more  considerable.  Thia 
rnle  will  remiire  a  eornice  with  supporting  blocks,  (Fig.  142,) 
termed  7noaillimis^  below  it,  whenever  me  projecting  part 
would  be  actually,  or  might  seera,  insecure  frrun  its  weight, 
Tlie  height  of  the  cornice,  including  its  supports,  should  gen- 
erally be  egnal  to  its  projections ;  this  will  often  require  more 
or  less  of  detail  in  the  profile  of  the  cornice,  in  order  that  it 
may  not  appear  Iieavy.  The  top  surface  of  the  cornice  should 
be  a  little  above  that  of  the  footpath^  or  roadway,  and  be 
slightly  sloped  outward;  the  bottom  should  be  arranged  with 
a  suitable  hirmier,  or  dnp^  to  prevent  the  water  from  finding 
a  passage  along  its  under  surface  to  the  face  of  the  wall* 

589,  The  parapet  suraiounts  the  com  ice,  and  should  be  high 
e!JOogh  to  secure  vehicles  and  foot-passe ugers  from  a<icidents, 
without  however  intercepting  the  view  from  the  bridge.     The 

tmrapet  is  usually  a  plain  low  wall  of  cut  stone,  surmoouted 
>y  a  coping  sliglitly  rounded  on  its  top  surface.  In  bridges 
which  have  a  cliaracter  of  lightness.  Idee  those  with  fiat  seg- 
ment arches,  the  parapet  may  onaist  of  altcroate  panels  of 
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for  the  facing,  with  good  rnbble  or  brick  for  the  fillings  and 
backings.  In  a  mixed  masonry  of  thia  character  the  cooraes 
of  dressed  stone  may  project  slightly  beyond  the  surfaces  of 
the  rest  of  the  structnre.  The  architectural  eflFect  of  this 
arrangement  is  in  some  degree  pleasing,  particularly  when 
the  joints  are  chamfered  ;  and  the  method  is  obviously  iisefnl 
in  struct n res  of  this  kind,  as  protection  is  afforded  by  it  to  the 
surfaces  which,  from  the  nature  of  the  material,  or  the  char- 
acter of  the  work,  offer  the  least  resistance  to  the  destructive 
action  of  floating  bodies  Hydraulic  mortar  should  alone  be 
used  in  every  part  of  the  masonry  of  bridges. 
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Flc.  14'Jr*-BkTstlaii  M  ud  ptAQ  N,  »bowin47  the  maimer  of  nirftn^DA;  the  einb«n]craeiit«  of 

the  sptmniilwi^  whra  tb«  hc«4l-w»Il«  of  th«  bridga  an  timplf  prolongod. 
a,  Q*,  tid0  fllope  of  emtMuikiDcnt, 
bf  ^,  <!77  Rtone  facing  of  the  embankment  wbore  Iti  cod  la  racuideil  ofl^  Ibrmlug  a  qovtnr  ol  A 

/,>*,  flight  of  fitepe  for  foot-paantifcn  to  anend  tfaa  embankment, 
«,  0\  embaakmeot  arranged  aa  abm,  but  aUnpljr  aoddad, 
4t  tf',  trndsig  of  dry  atooe  for  the  ilde  iloipea  of  tb«  banki. 
«» e',  tedng  of  the  bottom  of  tlM  unam. 


59L  Approaches.  Tlie  approaches  should  be  so  made  aa 
to  procure  an  easy  and  safe  access  to  the  bridge,  and  not  ob- 
struct unnecessarily  other  channels  of  communication. 

When  several  avenues  meet  at  a  bridge,  or  where  the  width 
of  the  roadway  of  a  direct  avenue  is  greater  than  that  of  the 
bridge,  the  approaches  are  made  by  gradually  widening  the 
outlet  from  the  bridge,  until  it  attame  the  requisite  width, 
by  means  of  wing-waUa  of  any  of  the  usual  forma  that  may 
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milt  the  locality.    The  form  of  wing-wall  (Fig.  145)  present- 

hig  a  cuncavo  surface  outward  is  usually  preferred  when  suited 
Ut  the  ItM'ulity,  both  for  its  architectural  effect  and  its  strengtli. 
Wlien  niaJe  of  dreesed  atone  it  is  of  more  difficult  construc- 
tion and  more  expensive  than  die  plane  surface  wall. 


1 


1%.  145— BAprtMottui  etrri«i4m  If  and  | 

H  of  ft  aam&  im»  wfuir-vmlL 
Xf  front  vUm  of  vtBC-wftlL 


592.  Water-win^s.  To  secure  the  natural  banlcs  near  the 
bridge,  and  the  foundations  of  the  abutments  from  the  action 
of  the  current,  a  facing  of  dry  stone  or  of  inaBonry  should  be 
laid  upon  the  slope  uf  the  banks,  which  ahuuld  be  properly 
prepared  to  receive  it,  and  the  foot  of  the  facing  must  be  se- 
cured by  a  mass  of  loose  stuiie  blockB  spread  over  the  bed 
around  it,  in  addition  to  which  a  line  of  square-jointed  piles 
may  be  previously  driven  along  the  foot  VThen  the  face  of 
the  abutment  projects  beyond  the  natural  banks,  an  embank- 
ment faced  with  stone  should  be  formed,  connectinij^  the  face 
with  points  on  the  natural  banks  above  and  beluw  tlie  bridge. 


By  this  arrangement,  termed  the  water-wings^  the  natural 
water-way  will  be  gradually  contracted  to  conform  to  that 
left  by  the  bridge. 

583,  Enlargement  of  Waters-way.  In  the  full  centre  and 
oval  arches,  when  the  springing  lines  are  placed  low,  the 
spandrels  present  a  considerable  surface  and  obstruction  to 
tue  current  during  the  higher  stages  of  the  water.  This  not 
only  endangers  tlie  safety  of  the  bridge,  by  the  accumulation 
of  drift-wood  and  ice  which  ii  uuciisioiis,  but,  during  these 
epoclie,  gives  a  heavy  appearance  to  tlie  structure,  lo  rem- 
edy these  defects  the  solid  angle,  formed  by  the  heada  and 
the  soffit  of  the  arch,  may  be  tjnmcated,  the  base  of  the  conei- 
£orm-eJiaped  mass  taken  away  being  near  the  springing  llne« 
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of  tlie  arch,  at  A  its  apex  near  the  crown.  The  ft»rm  of  tJie 
detached  mess  may  be  varioosly  arranged.  In  the  bridge  of 
Neuilly,  which  is  one  of  the  hret  where  this  expedient  was 
refiorted  to,  the  surface,  marked  F,  (Fige.  133,  134)  left  by 
detaching  the  mass  in  question,  ie  warped,  and  lies  between 
two  plane  curve©,  th©  one  an  arc  of  a  circle  n  o,  traced  on  the 
head  of  the  bridge,  the  other  an  oval,  m  o  op^  traced  on  the 
eoflit  of  the  arch.  This  affords  a  funnel-shaped  water-way  to 
each  arch,  and,  during  liigh  water,  ffives  a  light  appearance 
to  the  structure,  as  the  vouseoirs  of  the  head  rmg-coni-se  have 
then  the  appearance  of  belonmng  to  a  flat  segmental  arch, 

694.  General  Remarks.  The  arcbitecture  of  atone  bridges 
has,  within  a  somewhat  recent  period,  been  carried  to  a  very 
high  degree  of  perfection,  both  in  design  and  in  mechanical 
execution.  Francse,  in  this  respect,  has  given  an  example  to 
the  world,  and  has  found  worthy  rivals  in  the  rest  of  Eurc^pe, 
and  particularly  in  Great  Britain.  Her  territory  is  dotted 
over  with  innumerable  fine  monuments  of  this  character, 
which  attest  her  solicitude  as  well  for  the  public  welfare  as 
for  the  advancement  of  the  industrial  and  liberal  arts.  For 
her  progress  in  this  bi-auch  of  architecture,  France  is  mainly 
indebted  to  her  School  and  her  Corps  of  PonU  et  Vfvaussees; 
institutions  which,  from  the  time  of  her  celebrated  engineer 
Perronet,  have  supplied  her  with  a  long  line  of  names,  alike 
eminent  in  Uie  sciences  and  arts  which  pertain  to  tlie  profes- 
sion of  the  engineer. 

England,  altliough  on  some  points  of  mechanical  skill  per- 
taining to  the  engineer's  art  the  superior  of  Frauce,  holds  tlxe 
second  rank  to  her  in  the  science  oi  her  engineers.  Without 
eetablishments  for  professional  training  corresponding  to 
those  of  France,  the  English  engineers,  ad  a  body,  have,  until 
within  a  few  years,  labored  under  tlie  disadvantage  of  having 
none  of  those  institutions  which,  by  creating  a  ccjmmon  bond 
of  union,  serve  not  only  to  diffuse  science  throughout  the 
whole  body,  but  to  raise  merit  to  its  proper  level,  and  frown 
down  alike,  through  an  enlightened  es^^rit  de  corps^  the  aa- 
suniptions  of  ignorant  pretension,  and  the  malevolence  of 
petty  jealousies. 

Among  the  works  of  this  class,  in  this  country,  may  be 
cited  the  I'ailroad  bridge,  called  the  Thmnas  Viaduct^  over 
tlie  Patapsco,  on  the  line  of  the  Baltimore  and  Washington 
railroad,  designed  and  built  by  Mr.  B.  H.  Latrube,  tlie  engi- 
neer of  the  road*  This  is  one  of  the  few  existing  bridge 
structures  with  a  curved  axis.  The  engineer  has  very  hap- 
pily met  the  double  difficulty  before  him^  of  being  obliged 
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to  adopt  a  curved  axis,  and  of  the  want  of  workmen  fiiitfl- 
eienlly  conversant  with  the  application  of  working  drawii;gi 
of  a  rathor  complicated  chamcter,  by  placing  full  centre 
cvlinilrical  ardies  upon  piers  with  a  trapezoidal  horizontal 
gection.  Thie  structure,  with  the  exception  of  Rome  minor 
details  in  rather  questionahle  taste,  as  the  slight  iron  parapet 
raihng,  for  example,  pre»ents  an  inj|^>o9ing  aspect,  and  doea 
^reat  credit  to  the  intelligence  and  skill  uf  the  en^neer  at 
the  time  of  its  construction,  but  recently  launched  in  a  new 
career.  The  fine  single  arch,  known  as  the  Carrolt&n  Vi(P- 
duct^  on  the  Baltimore  and  Ohio  railnjad,  is  alfi*>  highly 
creditable  to  the  science  and  ekill  of  the  engineer  and  me- 
chanics under  wiiom  it  was  raised.  One  of  the  lai^est 
bridges  in  the  United  States,  designed  and  partly  executed 
in  Btone,  ie  the  Pido^niao  Aq'nedu<:t  at  Georgetown,  where  the 
Chesapeake  and  Ohio  canal  intersects  the  Potomac  river. 
Tliis  work,  to  which  a  wcxiden  superstructure  has  been  made, 
was  built  under  the  superintendence  of  Captain  Tumbull  oi 
the  U,  S,  Topographical  Engineers, 

595,  The  frjUowing  table  contains  a  summary  of  the  prin 
cipal  details  of  some  of  the  more  noted  stone  bridges  of 
Europe : 
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506,  Among  the  recent  French  1) ridges,  presenting  some 
interesting  features  in  their  congtrncrtion,  may  bo  cited  that 
of  SouiUac  over  the  Dordogne.  The  river  at  this  place  hav- 
ing a  torrent-like  character,  aud  the  bed  being  of  fime-stoiie 
rock  with  a  very  uneven  surface,  and  occaaional  deep  fissures 
filled  with  sand,  and  gravel,  the  obstacle  to  using  either  the 
caisson,  or  the  ordinary  coffer-dam  for  tlie  foundatitms,  was 
very  gi^eat    The  engineer,  M,  Vicat,  eo  well  knowu  by  bit 
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researches  upon  mortar,  etc.,  de\Hsed,  to  obviate  these  difficul- 
tiet?,  the  plan  of  enclosing  the  area  of  each  pier  by  a  coffer- 
work  accurately  fitted  to  the  Biirface  of  the  bed,  and  of  filling 
tljis  with  beton  to  form  a  bed  for  the  foundation  eoursea 
This  he  effected,  by  first  forming  a  framework  of  heavy  tim- 
ber, m  arranged  that  thick  slieeting-piles  could  be  driven 
cloee  to  the  bottom,  between  its  horizontal  pieces^  and  form  a 
well-jointed  vessel  to  contain  the  semi-fluid  material  for  the 
bed*  After  this  coffer-work  was  placed,  the  lotjee  sand  and 
gravel  was  scooped  from  the  bottoin,  the  asperities  of  tlie 
surface  levelled,  and  the  fissures  were  voided,  and  refilled 
with  fragments  of  a  soft  stone,  which  it  was  found  could  be 
more  compactly  settled^  by  ramming,  in  the  fissures,  than  a 
looser  and  rounder  material  like  gravel.  On  this  prepared 
surface,  the  bed  of  beton,  which  was  from  12  to  16  feet  in 
thickness,  was  jgradually  raised,  by  successive  layers,  to  with- 
in a  few  feet  of  tiie  low-water  level,  and  the  stone  superstrno- 
tnre  then  laid  upon  it,  by  using  an  ordinary  coffer-dam  that 
reeted  on  the  framework  around  the  bed.  In  this  bridge,  as 
in  that  of  Bordeaux,  a  provisional  trial-weight,  greater  than 
the  permanent  load^  was  laid  upon  the  bed,  before  com- 
mencing the  superstructure. 

To  give  greater  security  to  foundations,  they  may  be  sur- 
rounded with  a  mass  of  loose  stone  blocks  thrown  in  and 
allowed  to  find  their  own  bed.  Where  piles  are  used  and 
project  some  height  abi*ve  the  bottom,  besides  the  loose  stone, 
a  gratmg  of  heavy  timber,  placed  between  and  enclosing  the 
piling,  may  be  used  to  give  it  greater  stiffness  and  prevent 
outward  spreading.  In  streams  of  a  torrent  character,  where 
the  bed  is  liable  to  be  woni  away,  or  shifted,  an  artificial 
covering,  or  apron  of  stone  laid  in  mortar,  has,  in  some  cases, 
been  used,  both  under  the  arches  and  above  and  below 
the  bridge,  as  far  as  the  bed  seemed  to  require  tliis  protec- 
tion. At  the  bridge  of  Bordeaux  loose  stone  was  spread 
over  the  river-bed  between  the  piers,  and  it  has  been  round 
to  answer  perfectly  the  object  of  the  engineer,  the  bkwka 
having,  in  a  few  years,  become  united  into  a  firm  mass  by 
the  clayey  sediment  of  the  river  deposited  in  their  intersticea 
At  the  elegant  cast-iron  bridge,  built  over  the  Lary^  near 
Plymouth,  resort  was  had  to  a  similar  plan  for  securuig  the 
bed,  which  is  of  shifting  sand.  The  engineer,  Mr.  Rendel, 
here  laid,  in  the  first  place,  a  bed  of  compact  clay  upon  the 
sand  bed  between  the  piers,  and  imbedded  in  it  loose  stcme. 
This  method,  which  for  its  economy  is  worthy  of  note,  haa 
fully  answered  the  expectations  of  the  engineer- 
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697,  Abutments.  The  abntnients  and  piere  of  wooden 
bridges  may  be  either  of  stone  or  of  timber.  Stone  sup- 
ports are  preferable  to  thoee  of  timber,  both  on  account  of 
tlie  superior  diimbiHtj  of  atone,  and  of  its  offering  more 
Becnrity  than  frames  or  timber  against  the  accidents  to  which 
the  piers  of  bridges  are  liable  from  freshets,  ice,  <fee, 

588.  Wooden  abutments  may  be  formed  by  constructing 
what  h  termed  a  crib-work^  which  consists  of  large  pieces  of 
square  timber  laid  horizontally  upon  each  other,  to  form  the 
upright  or  sloping  faces  of  tlie  abutment  The^e  pieces  aj"^ 
halved  into  each  other  at  the  angles,  and  are  otherwise  firmly 
connected  together  by  diagonal  ties  and  iron  bolts.  The  space 
enclosed  by  tlie  cril>worK,  which  is  usually  built  up  in  the 
manner  just  described,  only  on  tbree  sides,  is  filled  with  earth 
carefully  rammed,  or  with  dry  stone,  as  circumstances  may 
seem  to  requij-e, 

A  wooden  abutment  of  a  more  economical  oonstruction 
may  be  made,  by  partly  imbedding  large  beams  of  timber 
placed  in  a  vertical  or  an  inclined  pusitioiu  at  intervals  of  a  few 
loet  from  each  other,  and  fonniiig  a  facing  of  thick  plank  to 
sustain  the  earth  behind  the  abutment.  Wooden  piers  may 
also  be  made  according  to  either  of  the  tnethods  here  laid 
down,  and  be  filled  with  kxiso  stone,  to  give  them  sufficient 
stability  to  resist  the  forces  to  which  they  may  be  exix)sed  ; 
but  the  method  is  clumsy,  and  inferior,  under  every  point  of 
view,  to  8tone  piers,  or  to  the  metliods  wliich  are  abt>ut  to  be 
explained. 

589.  The  simplest  arrangement  of  a  wooden  pier  (M)nsi8t8 
(Fig.  146)  in  driving  heavy  square  or  round  piles  in  a  single 
row,  placing  them  from  two  to  four  feet  apart.  These  upright 
pieces  are  sawed  off  level,  and  a:>niiected  at  top  by  a  horizon- 
tal beani,  termed  a  cap^  which  is  either  mortised  to  receive  a 
tenon  made  in  each  upright,  or  else  is  fastened  to  the  uprights 
by  bolts  or  pins.  Other  pieces,  which  are  notched  and  tolted 
in  pairs  on  the  sides  of  the  uprights,  are  placed  in  an  inclined 
or  diagonal  position,  to  brace  tlie  whole  system  firmly.  The 
several  uprightB  of  the  pier  are  placed  in  the  dii'ection  of  the 
thread  of  the  uurrertt.  If  thought  necessaiy,  two  hori/,ontal 
beams,  arranged  like  the  diagonal  pieces,  maybe  added  to 
the  system  just  below  the  lowest  water-level  In  a  pier  of 
this  kind,   the  place  of  the  starlings  is  supplied  by  two  in- 
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600.  A  strong  objection  to  the  system  just  described,  arises 
from  the  difliculty  of  replacing  the  nprights  wlien  in  a  state 
of  decay.     To  remedy  this  defect,  it  has  been  proposed  to 
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drive  large  piles  in  the  positions  to  be  occupied  by  tlie  nprighta 
(Fi^.  l-i7),  to  connect  these  piles  below  the  low-water  level 
by  four  horizontal  beams,  firmly  fastened  to  the  heads  of  the 
piles,  which  are  sawed  off  at  a  proper  height  to  receive  the 
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horixoiital  beams.  The  two  top  beairiB  have  larce  square 
mortiBos  to  receive  the  ends  of  the  uprights,  which  rest  on 
<  tllcse  of  tlie  piles.  The  rest  of  the  system  may  be  constnict- 
ed  ag  ill  the  former  case.  By  this  arrangement  the  uprights, 
when  decayed,  can  be  readily  replaeecC  ^id  they  rest  ou  a 
Bohd  substructure  not  subject  to  aecay ;  shorter  timber  also 
can  be  need  for  tlie  piers  than  when  the  uprights  are  driven 
into  the  bed  of  the  Btream. 

601,  In  deep  water,  and  especially  in  a  rapid  current,  a 
single  rciw  of  piles  might  prove  inaufficient  to  give  stability 
to  the  uprighta;  and  it  has  therefore  been  proposed  to  give 
a  sufficient  spread  to  the  substructure  to  admit  of  bracing  tho 
uprights  by  struts  on  the  two  sides.  To  effect  this,  three 
piles  (Pig.  148)  should  be  driven  for  each  npriglit ;  one  just 
under  its  position,  and  the  other  two  on  each  side  of  this,  on 
a  line  perpendicular  to  that  of  tlie  pier.  The  distance  be- 
tween the  three  pile©  will  depend  on  the  inclination  and 
length  that  it  may  be  deemed  necessary  to  give  the  struts.  The 
heads  of  the  three  piles  are  sawed  off  level,  and  connected 
by  two  horizontal  clamping  pieces  below  the  lowest  water. 
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A  square  mortise  is  left  in  thesa  two  pieces,  over  the  middle 
pile,  to  receive  the  uprights.  The  uprights  are  fastened  to- 
gether at  the  bottom  bv  t^vo  clamping  pieces,  which  rest  on 
mose  that  clamp  the  "heads  of  the  piles,  and  are  rendered 
fii-mer  by  the  two  struts. 

602.  In  localities  where  piles  cannot  be  driven,  the  uprights 
of  the  piers  may  be  securea  to  the  bottom  by  means  or  a  gra- 
ting, arranged  in  a  suitable  manner  to  receive  the  ends  of  the 
uprights.  The  bed,  on  which  the  grating  is  to  rest,  having 
been  suitably  prepared,  it  is  floated  to  its  position,  and  sunk 
cither  before  or  after  the  uprights  are  fastened  to  it,  as^  may 
be  found  most  convenient.  Tlie  grating  is  retained  in  its 
place  by  Imse  stone.  As  a  fartlier  security  for  the  piera,  the 
uprights  may  be  covered  by  a  sheathiiig  of  boards,  and  the 
spaces  between  the  sheathing  be  filled  in  with  gravel. 

603*  As  wooden  piers  are  not  of  a  suitable  form  to  reaiil 
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horn  the  decay  of  the  material,  and  from  the  effects  of  shrink- 
ing and  vibrations  npon  the  joints  of  the  frames,  and  ihat  the 
difficulty  of  replacing  decayed  parts,  and  readjusting  the 
framework,  increases  rapidly  with  the  span. 

605.  Brid^frames  may  be  divided  into  two  general  claaeea. 
To  the  one  belong  all  those  combinations,  whether  of  straight  or 
of  carved  timber,  that  exert  a  lateral  pressure  npon  the  abut- 
ments and  ptere,  and  in  which  the  superstructure  is  generally 
above  tlie  oridge-f rame.  To  the  other,  those  combinations 
which  exert  no  lateral  pressure  upon  the  points  of  support, 
and  in  which  the  roadway,  &c.,  may  be  said  to  be  suspendea 
from  the  bridge-frame. 

606.  Definitions  of  some  of  the  terms  employed  In 
bridge  nomenclature* 

A  Chord  is  the  upper  or  lower  member  in  a  truss.  It  ex- 
tends from  end  to  end  of  the  structure.  There  are  usually  two 
chords,  an  upper  and  a  lower  chord.  These  may  be  parallel, 
as  in  Figs.  157  and  167,  or  the  upper  one  may  be  curved 
(arched)  and  the  lower  one  horizontal,  or  both  may  be  curved. 
These  pieces  by  some  English  writers  are  called  booms^  and  by 
others  stringers.  The  lower  chord  is  often  called  a  tie.  The 
upper  chord  is  sometimes  called  a  straining  beam. 

jI  Tie  is  a  piece  which  connects  two  parts  and  is  subjected 
to  tension. 

A  Strut  is  a  general  term  which  is  applied  to  a  jiiece  in  a 
truss  which  is  subjected  to  compression,  in  proportioning  it, 
it  is  treated  as  a  pillar.  In  its  more  restricted  sense,  it  is  a 
shart  piece  which  is  subjected  to  compression. 

A  Tie-Strut^  or  Strut- Tie ^  is  a  piece  which  may  be  sub- 
jected to  tension  and  compression  at  different  times,  under 
different  cc>nditious  of  loading. 

A  Brace  is  an  inclined  piece  which  is  subjected  to  oompres* 
sion.  It  is  an  inclined  strut.  In  bridges,  braces  are  some- 
times distinguished  as  Tnain-hraoes  and  oourUsr-braces,    This 
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distinction  is  quit©  unnecessary  in  aa  analytical  point  of  viovsTj 
a8  will  be  seen  hereafter,  bot  xt  is  so  oommou  in  practice  that 
it  will  not  do  to  ignore  it. 

A  Main-Brace  is  a  brace  which  inclines  from  the  end  of  a 
triiBs  towards  the  centre,  as  in  Fi^.  151, 

A  Counter-Brace  is  one  whi3i  inclines  from  the  centre 
and  towai-ds  the  ends.  In  tlie  same  panel  the  countor-brace 
inclines  the  opposite  way  from  the  main-brace.    See  Fig.  151. 

A  Ti^Brace  performs  the  office  of  both  main  and  counter- 
brace  ;  it  is  ihe  same  as  a  Ti^StruL 

607.  Ix>ng*s  Truss.  Tliis  was  one  of  the  first  trasses  of 
tills  conntry  in  which  a  scientific  arrangement  of  tlie  parte 
was  observed.  It  was  composed  entirely  of  wood,  even  iron 
bolts  for  splicing  the  main  beams  being  avoided.  It  consists 
in  fonning  botir  the  npper  and  lower  beams  (Fig.  152)  of 
three  parallel  beams,  sufficient  space  being  left  between  the 
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one  ill  the  centre  and  the  other  two  tx)  insert  the  cross  pieces. 
termed  the  posts/  the  po&ts  c^msist  of  beams  in  pairs  placed 
at  suitable  intervals  along  the  strings,  with  whit:h  tht*v  aru 
connected  by  wedge  blocks,  termed  jios  and  tet/s^  which  are 
inserted  into  rectangular  holes  made  through  the  stringSj 
and  JBtting  a  corresponding  shallow  notch  cut  into  each  post. 
A  hrace  connects  the  Um  of  one  post  with  the  foot  of  the 
one  adjacent  by  a  suitable  joint  Another  diagonal  piece, 
termed  the  counter-brace^  is  placed  crosswise  between  the  two 
braces  and  their  postB,  with  its  ends  abutting  against  the 
centre  beam  of  the  upper  and  lower  strings.  The  counter* 
braces  are  connected  with  the  posts  and  bra^^es  by  wooden 
pins,  termed  tree-naih. 

In  wide  bearings,  the  strings  require  to  be  made  of  several 
beams  abutting  end  to  end ;  in  this  cage  the  beams  should 
break  joints,  and  short  beams  should  be  inserted  between  the 
centre  and  exterior  beams  wherever  the  joints  occur,  to 
strengthen  them. 

The  beams  in  this  combination  are  all  of  uniform  crost 
section,  the  joints  and  fastenings  are  of  the  simplest  kind, 
and  the  parts  are  well  diBtributed  to  call  into  play  the 
strength  or  the  strings,  and  to  produce  uniform  stiffness  and 
strain. 

808.  Town's  Truss. — The  combination  of  Mr.  Town 
(Fig*  153)  consists  in  two  main  strings,  each  fonned  of  two  or 
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three  parallel  beams  of  two  thicknesses  breaking  jointa  Be- 
tween the  parallel  beams  are  inserted  a  series  of  diagonal 
beams  crossing  each  other.  These  diagonals  are  connected 
with  the  strings  and  with  each  other  by  tree-nails.  When 
the  strings  are  formed  of  three  parallel  beams,  diagonal 
pieces  are  [)laced  between  the  centre  and  exterior  beams,  and 
two  intermediate  strings  are  placed  between  the  two  courses 
of  diagonals. 

Tltis  combination,  commonly  known  as  the  lattice  truss,  n 
of  very  easy  mechanical  execution,  the  beams  being  of  a  uni 
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forni  croee  Beetion  and  length-  The  strains  upon  it  are  borne 
by  the  tree-nails,  and  when  used  for  structures  subjected  to 
variable  strains  and  jars,  it  loses  its  stLfFnesft  and  sags  between 
the  points  of  support.  It  is  more  eonimendable  for  ita 
Bimplicity  than  scientific  combination. 

609.  Hoi^&B  Truss, — This  trnss  consists  of  (Fi^.  154)  an 
upper  and  lower  string,  each  formed  of  several  tniekneases 
or  beams  placed  side  by  side  and  breaking  joints.  On  the 
upper  side  of  the  lower  string  and  the  lower  side  of  the 
nppefj  blocks  of  hard  wood  are  inserted  into  shallow  notches ; 
the  blocks  are  bevelled  off  on  each  side  to  form  a  suitable 
point  of  support,  or  step  for  the  diagonal  pieces.  One  series 
of  the  diagonal  pieces  are  arranged  in  pairs,  the  others  are 
single  and  placed  between  th«»se  in  pairs.  Two  strong  bolti 
of  iron,  which  pass  through  the  blocksj  connect  the  upper 
and  lower  strings,  and  are  arranged  with  a  screw  cut  on  one 
end  and  a  nut  to  draw  the  parts  closely  together. 

This  combination  presents  a  judicious  arrangement  of  the 
parts.  The  blocks  give  abutting  surfaces  for  the  braces  su- 
j>erior  to  those  obtained  by  the  ordinary  fonns  of  joint  for 
tliia  purj^iose.     The  bolta  replace  advantageously  the  timber 


\' 
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posts,  and  in  case  of  the  frame  working  loose  and  saggiiigj 
their  arrangement  for  tightening  up  the  parts  is  simple  and 
efiicacio'is. 

610*    Sohuylklll    Bridge.— This   bridge,    designed    and 
built  by  L  Wemwag,  has  the  widest  span  of  any  wooden 


cnrrCi  xifomEERnre* 


,  FUr  86  la  K  p«npeetiTt  riew  of  &  put  of  atm  r«B4 
of  th«  Howe  tnwk,  uid  Atiows  qaJc*  &eftrlj  btir 
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bridge  in  this  country*  The  bridge-frume  (Pig.  166)  consisted 
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of  five  ribs.  Each  rib  is  an  open-built  beam  filmed  of  a 
bottom  curved  solid-built  beam  and  of  a  single  top  beam, 
which  are  connected  by  radial  pieces,  diagonal  ! traces,  and 
inclined  iron  stays.  The  bottom  curved  beam  is  composed 
of  three  concentric  solid^built  beama,  slif^htly  &cq>!ii  ated  from 
each  other,  each  of  wbicli  has  seven  courses  of  curved  scant- 
ling in  it,  each  course  6  inches  thiclf  by  13  iiiclics  in  breadth; 
the  courses,  as  well  as  the  concentric  beam?,  being  finnly 
united  by  iron  bolts,  &c.  A  roadway  tJiat  rci^fs  upon  the 
bottom  curved  ribs  is  left  on  each  side  of  the  centre  rib,  and 
a  footpath  between  each  of  the  two  exterior  ribs.  The  bridge 
was  covered  in  by  a  roof  and  a  sheathing  on  the  sides. 
611.  Burr's  Trusa. — Burr's  plan,  which  (Fig  156)  coneiali 
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in  forming  each  rib  of  an  open-built  beam  of  straight  timber, 
and  connecting  with  it  a  curved  solid-built  beam  formed  of 
two  or  more  thicknesses  of  scantling,  between  which  the 
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framework  of  the  open-built  beam  is  clamped.  The  open- 
built  beam  consists  of  a  horizontal  bottom  beam  of  two 
thicknesses  of  scantling,  termed  the  chards^  between  which 
are  Beenred  the  uprights,  termed  the  ffie-en  posU, — of  a  single 
top  beam,  termed  me  plate  of  the  mde  ^frame^  which  rests 
upcm  the  uprights,  with  which  it  is  connected  by  a  mortise 
and  tenon  joint, — and  of  diagonal  braces  and  other  smaller 
braces,  termed  che^  braces^  placed  between  the  tjprights. 


V 


Tlie  enrved-biiilt  beam,  termed  the  arch-ftmbers^  is  bolted 
npon  the  timbers  of  the  open-bnilt  beam*     The  bridge-frame 
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maj  conskt  of  two  or  more  ribs,  which  are  connected  and 

etiffeiied  by  croes  ties  and  diagonal  braces,  Tlie  roadway- 
flooring  ielaid  upon  cross  pieces,  termed  the  ,//>^r  girder s^ 
Trhieh  ma}'  either  rest  upon  the  chords,  or  eli^e  i)e  attached  at 
any  intermediate  p<>int  between  thern  and  the  top  beam, 
Tlie  roadway  aiid  £ot*tpathe  may  be  placed  in  any  position 
between  the  eeveral  ribs. 

612.  Pratt's  Ttusb,  This  truss  (Fig.  157)  has  the  same 
general  form  as  Howe's,  hut  differs  in  its  details.  The  ver- 
ticals here  are  woo<5en  posts  instead  of  iron  rods,  and  the 
diagonals  are  iron  ties  instead  of  wooden  braces. 

6X0.  MoCaMum's  Truss.    This  truss  (Fig.  158)  is  a  modi- 


fication  of  Howe's,  the  essential  difference  of  which  consists 
in  a  cnrved  tipper  chord  instead  of  a  horizontal  one,  Tlie 
long  braces  nt  the  end — called  areh  hntces^ — are  not  essential 
to  this  system.  This  system  is  stiffer  than  similar  ones  having 
horizontal  chords, 

614.  A  eimpla  but  effective  Btructure,  shown  in  Fig.  159, 


^ 
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Sas  been  in  nee  for  some  tinie  on  the  N.  Y.  State  canals  for 
eommoTi  road  bridges,  and  for  crossings  on  farms.  Tliere 
are  no  counter- bmces,  which,  as  may  readily  be  sliown,  are 
unnecessary  for  short  spans.  (See  W<jod'6  Treatise  on  Bridget 
and  Roofa^  pp.  120  and  \2\)  Tlie  lower  timber  nmy  be 
Bpliced,  or  in  any  other  manner  made  continuous  tliroughout. 
Another  timber,  which  is  placed  on  this,  extends  over  two  oi 
four  t)f  the  central  bays.  Tlie  verticals,  wljich  are  iron  rods, 
are  made  divergent,  as  shown  in  Fig.  159a. 


''i 


«uial  txidge. 
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615.  Wooden  Arohea   A  wooden  arch  may  be  formed  bj 
bending  a  single  beam  (Fig.  160)  and  confining  its  extremi- 


Fii;.  lOQ— E«prBieiit«  ft  horlRontft] 
boam  e  Mipportad  %t  itm  mlddlt 
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ties  to  prevent  it  from  resuming  its  original  shape.  A  beam 
in  this  state  presents  greater  resistance  to  a  cross  strain  than 
when  straight,  and  may  be  used  with  advantage  where  great 
stiffness  is  required,  prr>vided  the  points  t>f  support  are  of 
sufficient  strength  to  re.sist  the  lateral  thrust  or  the  beam. 
This  method  can  be  resoi-ted  to  only  in  narrow  bearings. 

For  wide  arches  a  curved-bnilt  beaia  must  be  adopted  ;  and 

for  this  purpose  a  solid  (Fi^.  161  and  162)  or  an  open-buih 

beam  may  be  used,  depending  on  the  bearing  to  be  spanned 

by  the  arch.    In  either  case  the  curved  beams  are  built  in 

21 
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the  same  inanner  as  straight  beams,  the  piecefl  of  wliich  they 
are  formed  being  suitably  bent  to  cotifonn  to  the  i^urvatare 
uf  the  areh,  wliicli  may  be  done  eiUier  by  steaming  the  pieces, 
by  raeehanit^al  power,  or  by  the  usual  method  of  softening  the 
woody  fibres  by  keeping  the  pieces  wet  while  subjected  to 
the  heat  of  a  light  blaze. 


pig.  i<a. 


P 


Fig.  191— R«prt)«eDi»  «  wot>d«ji  «rob  A,  formed  of*  ■olld'tant  b«un  o(  tbfw 
CKmriM,  whlob  ■upport  the  hmnu  c,  c  by  Uio  fioiCa  g,  g,  whloh  m  fotfMtd 
of  PlMW  Itt  |Nilz«b 

B^  &>  tsioJlned  «t7u(a  to  itraaffUieD  ib«  ftrch  bj  nllttviitg^  It  of  ft  p«rt  of  thm 
MM  cm  U>«  beftiBui  c^  a. 


Tig.  im. 
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Fig.  1112— R«preiionta  m  wooden  «roh  of  k  noll<t-btitlt  beAm  A,  wbloli  mxjrpf)Tt» 
the  hortKonuil  be«iii  B  by  mskiii  of  the  pmu  a,  a.  The  urah  b  let  Into 
th«  beam  B,  whlob  fto4»  u  ft  tie  lo  coafloe  It*  cixtromttCee. 


616.  The  number  of  ribe  in  the  bridge-frame  will  dojiend 
on  the  general  strength  required  by  tbo  oliject  of  the  strnc- 
tiire,  and  upon  the  class  of  fmme  adopted.  In  the  first 
class,  in  which  the  roadway  is  usually  above  the  frames,  any 
requisite  number  of  ribs  may  he  used,  and  they  may  be 
placed  at  equal  i intervals  apart,  or  else  be  bo  placed  aft  to  give 
tlie  bei^t  support  t<»  tlie  loads  which  pass  over  the  bridge.  In 
the  second  class,  as  the  frame  usually  lies  eutij-ely,  or  projoctB 
partly  above  the  roadway,  tfec.,  if  more  than  two  ribs  are  n- 
quired^  they  are  so  arranged  that  one  or  two,  as  circumstance* 
may  demand*  form  each  head  of  the  bridge,  and  one  or  two 
more  are  {daced  midway  between  the  beadSy  so  as  to  leave  a 
iufficient  widtli  of  r<^»adway  between  the  centre  and  adjacent 
ribs.      The  footpaths  are  usuallyj  in  this  caae,  either  placed 
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tetween  the  two  centre  ribs^  or,  when  there  are  two  exterior 
rilts,  between  them. 

617.  In  frames  which  exert  a  lateral  pressure  against  the 
abuttnents  and  piers,  the  lowest  points  of  the  rraniework 
should  be  so  placed  as  to  be  above  the  ordinar)^  high-water 
level ;  and  plates  of  bonie  nietal  ghonld  be  inserted  at  those 
pointg,  both  of  the  frame  and  of  the  supports,  where  the 
eflfect  of  the  pressnre  iniglit  cause  injury  to  the  woody  fibre, 

618.  The  roadway  usually  consists  of  a  simple  fliX)ring 
formed  of  cross  joists,  termed  the  roadway-bearers ^  or  floor- 
girders^  and  flooring-boards,  upon  which  a  road -covering 
either  of  wood  or  stone  is  laid.  A  more  common  and  better 
arrangement  of  the  roadway,  now  in  use,  consists  in  laying 
longitudinal  joists  of  smaller  scantling  upon  the  roadway- 
bearers,  to  support  the  flr^oriug-boardft.  This  method  pre- 
serves more  effectually  tlian  the  other  the  roadway-bearers 
from  moisture.  Besides,  in  bridges  which,  from  the  position 
of  the  roadway,  do  not  admit  of  vertical  diagonal  braces  to 
stiffen  the  framework,  the  only  means,  in  most  cases,  of 
effecting  this  object  is  in  placing  horizontal  diagonal  1  traces 
between  each  pair  of  road  way-bearers.  For  like  reasons, 
stone  road-coverings  for  wooden  bridges  are  generally  re- 

{*ected,  and  one  of  plank  used,  which,  for  a  horse-track,  bhould 
►e  of  two  tliicknesses,  so  that,  in  case  of  repair-s,  arising  from 
the  wear  and  tear  of  travel,  the  boards  resting  up<>n  the 
flooring-joists  mav  not  require  to  be  removed.  The  footpaths 
consist  simply  ot  a  slight  flooring  of  sufficient  width,  which 
is  usually  detached  from  and  raised  a  few  inches  above  the 
rc»adway  surface* 

619.  When  the  bridge-frame  is  beneath  the  roadway,  a 
distinct  parapet  will  be  requisite  for  the  safety  of  passengers 
This  may  be  f farmed  either  of  wood,  of  iron,  or  of  the  two 
combined.  It  is  moat  generally  made  of  timber,  and  con- 
sists of  a  hand  and  foot  rail  connected  by  upright  post.s  and 
stiffened  by  diagonal  braces.  A  wooden  parapet,  besides  the 
security  it  gives  to  passengers,  may  be  made  to  add  both  to 
the  strenMh  and  atifrness  of  the  bridge,  by  congtructing  it  of 
timber  of  a  suitable  size,  and  connecting  it  linnly  with  the 
exterior  ribs. 

620.  In  bridge-frames  in  which  the  ribs  are  above  the  ixiad- 
way,  a  timber  sheathing  of  thin  boards  will  be  requisite  on  the 
side?,  and  a  roof  above,  to  protect  the  structure  from  the 
weather,  Tlic  tie-ljeams  of  the  roof-trusses  may  serve  also  as 
ties  for  tiic  ribs  at  top,  and  may  receive  horizontal  dia|;ona] 
braces  to  stiffen  the  stnicturej  like  those  of  the  roadway* 
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bearert^  The  imfteti,  in  the  erne  in  whkli  &ere  i§  no  eeotn 
lihy  ftnd  the  beariog,  or  dislaiice  betveen  the  exterior  ribiy  m 
m  gml  ihmt  the  rc»clwmjr4>eftren  require  to  be  supported  m 
the  ntttkUe,  miij  «erre  w  poioii  or  sopport  for  ■mpwiMnn 
pieee*  of  woodp  or  of  inm^  to  vliieb  die  ntid^  poini  of  the 
roedwa^^bemren  oisj  be  ailadied. 

021.  The  finuiie  aad  odieriiiaiDtiiiiberBof  mwaodi^ 
will  not  require  to  be  eoated  with  peint,  or  any  like  compo- 
cttioo,  to  prei^fte  tliein  frofn  dec*T  when  thej  are  roofed 
and  boarded  in  to  kee^  them  dry.  When  thk  k'noc  the  caae, 
the  ordiitarj  prefenratiTee  against  atmoapberie  actioo  msy  be 
Died  for  mmn.  The  under  sor&oe  and  JQtnts  of  die  planka 
of  the  roadway  may  be  coated  with  binuninooa  maatic  when 
oaed  fur  a  hone-track;  in  rattroad  bridgea  a  metallic  coTef^ 
big  may  be  suitably  used  when  the  bridge  ie  nol  traversed  by 
bonea. 

625^  Wooden  brid^  can  produce  hot  little  other  archi- 
tectoral  effect  than  Usat  whlcn  naturally  springs  up  in  the 
mind  of  an  eilticated  spectator  in  regarding  any  judiciously- 
contrived  '  L%  vVhen  the  roadway  and  parapet  are 
above  the  _  f^me,  a  very  simple  cornice  may  be  formed 
by  a  proper  combination  of  the  roadway-timbers  and  flooring, 
whicii,  with  the  parat>et,  will  present  not  only  a  pleasing  ap- 
pearance to  the  eye,  but  will  be*  of  obvious  utility  in  covering 
the  parts  beneath  from  the  weather.  In  covered  bridges,  the 
most  that  can  be  done  will  be  to  paint  them  with  a  uniform 
coat  of  some  subdued  tinL  At  best,  {njin  their  want  of 
height  as  compared  with  their  length,  covered  wooden  bridges 
mnst,  for  the  mo&t  part^  be  only  unsightlv,  and  also  apparent- 
ly insecure  structures  when  k»oked  at  tV>m  such  a  point  of 
view  as  to  embrace  all  the  parts  in  the  field  of  vision ;  and 
any  attempt,  therefore,  to  drsn^ise  their  true  character,  and 
to  give  them  by  painting  the  appearance  of  houses,  or  of  stone 
arches,  while  il  must  ^il  to  deceive  even  the  roost  ignorant, 
will  only  betray  the  bad  taste  of  the  architect  to  the  more  en- 
lightened judge. 

The  art  or  erecting  wooden  bridges  haa  been  carried  to 
great  perfection  in  almost  every  part  of  the  world  where 
timber  has,  at  any  period ,  been  the  principal  building  mate- 
rial at  the  dispo^l  of  the  architect ;  but  m>n  at  the  present 
d&^  is  &st  taking  the  place  of  wood  in  t)  e  more  important 
bnd^s. 

628.  The  following  Table  contains  the  principal  dimen 
»ions  of  some  of  the  most  celebrated  American  ana  European 
wooden  bridges: 
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Wetteugen  bridge 

Bridge  of  ScbA^aaaen. 

Bndg6  of  Kandel 

Bridge  of  Banibei^ 

Bridg'e  of  FrfjyBiiigen, , , 

Essex  bridgre 

Upper  Schuylkill  bridge. 
Ifi^rket-Btreet  bridge.  * . 
Trenton  bridge  ,.,.,♦,, 

Columbia  bridge 

Ricbmond  bridge 

Springfield  bridge,  . , , . 
SoBquehaxmii.  bridge. . « . 


Kitmber  of 


Width  of 


890  fk 


lilM  or  d^il 
of  rih. 


16.9  ft. 
U.6  ** 


IT, 
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624.  Bridges  of  cast  iron  admit  of  even  greater  bold 
ness  of  design  than  those  of  timber,  owing  to  the  snperiority, 
both  in  strength  and  dDrability,  of  the  former  over  the 
latter  material;  and  thev  may  therefore  be  resorted  to  iiador 
circumatancea  very  nearly  the  same  in  which  a  wooden  strno 
tore  would  be  Buikble. 

625.  The  abutments  and  piers  of  cast-iron  bridges  shonld 
be  built  of  stone,  as  the  corrosive  action  of  salt  water,  or 
even  of  fresh  water  when  impure,  wonld  in  time  render 
iron  supports  of  this  character  insecure ;  and  timber,  when 
exposed  to  the  same  destructive  agents,  is  still  less  diumble 
than  cast  iron. 

626.  The  curved  ribs  of  cast-iron  bridge-frames  have  under 

fone  various  modifications  and  improvements.  In  the  earlier 
ridges,  they  were  formed  of  several  concentric  arcs,  or 
curved  beams,  placed  at  sc^me  distance  asunder,  and  united 
by  radial  pieces ;  the  spandrels  being  filled  either  by  con- 
tignous  rings,  or  by  vertical  pieces  of  cast  iron  upon  which 
the  roadway  bearers  were  laid* 

In  the  next  stage  of  progress  towards  improvement,  the 
curved  ribs  were  made  less  deep,  and  were  each  fnrmed  of 
several  se^jments,  or  panels  cast  separately  in  one  oiece,  each 
panel  consisting  of  three  concentric  arcs  connected  by  radial 

ftieces,  and  having  flanches,  with  other  suitable  arrangements, 
or  connecting  them  firmly  by  wronght-iron  keys,  screw-bolts, 
&c. ;  the  entire  rib  thus  |)resentirig  the  appearance  of  three 
ooncentric  arcs  connected  by  radial  pieces.  The  spandrels 
were  filled  either  with  panels  fui-med  like  those  of  the  curvef^ 
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rili3,  with  iron  rings^  or  with  a  lozenffe-ehaped  reticiilatud 
c'unl>ii)attoii.  The  ril>9  were  coniiectea  by  east-iroa  plates 
and  wronght-iruM  diagoniil  ties. 

In  the  moi-e  recent  stniL-tiires,  the  ribs  have  been  com- 
posed of  voiissuir-shaped  panels,  each  formed  of  a  solid  tl^n 
plate  with  flancbes  around  the  edges ;  or  else  of  a  curved 
tobnlar  rib^  formed  like  those  of  Polonceau,  or  of  Dela* 
field,  destiribed  further  on.  The  epandrel-filling  is  either  a 
reticulated  combination,  or  one  uf  contiguous  iron  rings. 
The  ribs  are  usually  united  by  cast-iron  tie-plate8,  and 
braced  liy  diagonal  ties  of  cast  and  wrought  iron, 

G09,  The  roadway-bearcra  and  flooring  may  be  formed 
either  of  timber,  or  of  ca«t  iron.  In  tlie  more  recent  sti*uc- 
tnres  in  England,  they  have  been  made  of  the  latter  material ; 
die  road  way 'bear  el's  being  cast  of  a  suitable  form  for  strenu^th, 
and  for  their  connection  with  the  ribs;  and  the  flooring- 
plateB  being  of  cast-iron. 

The  roadway  and  fcM^tpatlia,  formed  in  the  nsual  manner, 
rest  uj-ion  the  flooring-plates. 

The  parapet  consists,  in  most  cases,  of  a  light  combina- 
tion of  cast  or  wrought  imn,  in  keeping  with  the  general 
style  of  the  strncttu-e. 

627.  The  English  engineei's  have  taken  the  lead  in  this 
branch  of  architecture,  and,  in  their  more  recent  structures, 
have  carried  it  to  a  high  degme  of  mechanical  perfection 
and  architectural  elegatice.  Among  the  more  celebmted 
cast-iron  bridges  in  England,  that  of  Coaf/j^rookdule  belonga 
to  the  first  epoch  above  mentioned ;  those  of  Staines  and 
Sunderhifid  to  the  secotid;  and  to  the  third,  the  bridge 
of  Soufhwark  at  London;  thai  of  Tewkeshury  over  the 
Severn  ;  that  over  the  Lary  near  Plvnunith,  aiid  a  number  of 
othej-a  in  vario\i8  parts  of  the  United  Kingdom. 

The  French  en2:ineej^  have  not  only  followed  the  lead 
ftet  tlicra  by  the  Englifth,  hut  have  taken  a  new  step,  in 
the  tulnilar-shaped  ribs  of  M.  Polonceau.  The  Punt  de^ 
Arts  at  Paris,  a  very  light  bridge  for  f(X>t-passeugers  only, 
and  which  is  a  comltination  of  cast  and  wrought  iron,  belongs 
to  their  earliest  essays  in  this  line ;  the  Pont  d^AuaterlUs^ 
also  at  Paris,  wldch  is  a  combination  mmilar  to  those  of 
Staines  and  Sunderland,  belongs  to  their  second  epoch  ;  and 
the  Pont  du  Carrousel^  in  the  same  city,  built  u|>on  Polon- 
ceau*s  system,  with  several  othere  on  the  same  plan,  belong 
to  tlie  last 

In  the  United  States  a  commencement  can  hardly  bo  said 
to  have  been  made  in  this  branch  of  bridge  arckitoctimi ; 
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the  bridge  of  eighty  feet  Bpaii,  with  tubular  ribs,  coiiatnicted 
by  Major  Delafield  at  Brownsville,  stands  almost  alone, 
and  is  a  &tep  coutemjiorary  with  that  of  Poloiiceau  in  France, 
Tlie  fo|lowiu|^  Table  contains  a  summary  description  of 
bimm  of  the  most  noted  European  cast-iron  bridges ; 
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828.  Iron  Arehea.  Cast-iron  arches  may  be  used  for  the 
::anie  objects  as  tliose  of  timber.  The  frames  for  these  pur* 
poses  consist  of  several  parallel  ribs  of  nniform  dimensionSi 
which  are  cast  into  an  arch  form,  the  ribs  being  connected 
by  horizontal  ties,  and  stiffened  by  diagt*nal  braces.  The 
weight  of  the  superstnicture  is  transmitted  to  the  cnrved 
riba  in  a  variety  of  ways ;  most  usually  by  an  open  cast- 
irrm  beam,  the  lower  part  of  which  is  so  shaped  as  to  rest 
nptjn  the  cnrved  rib,  and  the  upper  part  suitably  formed  for 
the  obiect  ill  view.  These  beams  are  also  connected  by  ties, 
and  stiffened  by  diagonal  braces. 

Each  rib,  except  for  narrow  spans,  is  composed  of  several 
pinces,  or  segments,  between  each  pair  of  which  there  is  a 
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joint  in  the  direction  of  the  radius  of  cnrvatare.  The  formi 
riTid  dimensioTie  of  the  fieg^ineutrt  are  nniform.  The  se^tentf 
are  ui-ually  either  eolid  (Fig,  163)  or  npen  plates  of  iiniforni 
t!iictkiies8,  liaviiig  a  flaiieh  of  iinifortn  breadth  and  depth  at 
CiM^h  end,  and  nil  the  entrad(j«  and  intrados.  The  flaiieh  ser^*e8 
Ixjth  to  give  strength  to  tbe  segment  and  to  forni  the  eoTniection 
l>etweeii  the  segnientfl  and  the  parte  which  rest  upon  the  rib. 

The  ribs  are  connected  hy  tie-phites,  which  are  inserted  be- 
tween tlio  joints  of  the  segments,  and  are  fastened  to  the  seg- 
ments by  iron  screw  bolts,  which  pass  throngh  the  end  flanckea 
of  the  segmente  and  the  tie-plate  between  thetn.  The  tie- 
plate43  may  be  either  open  or  eolid  ;  the  former  being  usually 
preferred  on  account  of  their  snperior  hghtness  and  ctieapnesa. 

The  framework  of  the  ribs  is  stiffened  by  diagonal  pieceft, 
which  are  connected  either  with  the  ribs  or  the  tie-platee. 
The  diagonal  braces  are  cast  in  one  piece,  the  arms  being 
rii^bed,  or />a^/i^T^/,  and  tapering  from  tbe  centre  towards 
the  ends  in  a  suitable  manner  to  give  lightness  combined  with 
strength. 

The  open  beams  (Fig.  103),  which  rest  upon  the  carved  riba, 
are  cast  in  a  guitable  number  of  panels ;  the  joint  between 
each  pair  being  either  in  the  direction  of  the  radii  of  thearch| 
or  else  vertical.  These  pieces  are  also  cast  with  tlanclies,  bj 
which  tliey  are  connected  together,  and  with  the  other  part« 
of  the  frame.  The  beams,  like  the  ribs,  are  tied  together  and 
stiffened  by  ties  and  diagonal  braces. 

Beams  of  suitable  forrns  for  the  purposes  of  tlie  structure 
are  [Jaced  cither  lengthwise  or  crosswise  upon  the  open 
beams, 

629.  Curved  ribs  of  a  tubular  form  have,  within  a  few  years 
back,  been  tried  with  success,  and  bid  fair  to  supersede  the 
ordituiry  plate  rib,  as  with  the  same  amount  of  metal  they 
combine  nioi-e  strength  than  the  ilat  rib. 

The  application  or  tubular  ribs  was  first  made  in  the  Uaited 
States  hy  Major  Dehifield  of  the  U,  S»  Corps  of  Engineers,  in 
an  arch  tor  a  bridge  of  80  feet  span.  Eat^h  rib  was  K>rmed  of 
nine  segments ;  each  segment  (Pig.  I*i4)  being  cast  in  one 
piece,  the  cros^s  section  of  which  is  an  elliptical  rtngof  uni* 
lonn  thickness,  the  transverse  axis  of  the  ellipse  being  in 
the  direction  of  the  radins  of  curvature  of  tbe  rib.  A  broad 
•Uiptical  flanch  with  ribs,  or  stays,  is  cast  on  each  end  of  the 
segment,  to  connect  the  parts  with  each  other ;  and  three 
cXairs,  or  sadJ/^'picces,  with  groo\es  in  them,  are  cast  upon 
the  entrados  of  each  segTuent,  and  at  equal  intervals  apart,  tc 
receive  the  open  beam  which  rests  on  the  curved  rib. 
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The  ribs  are  connected  by  an  open  tie  plate  (Fig.  164), 
Raised  elliptical  projections  are  cast  on  each  face  of  the  tie 
plate^  where  it  m  connected  with  the  segments,  which  are 
adjusted  accurately  to  the  interior  surface  of  each  pair  of 
segments,  between  which  the  tie  plate  is  einbracea.  The 
segments  and  plate  are  fastened  by  screw  bolts  passed 
through  the  end  flanchea  of  the  segments. 


¥^ 
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^.  IM— EepreMota  » tide  view  A,  and  a  crow  «eot|aa  &nd  end  tIpw  B,  throcKh  a  ■ddUhplMt 

of  tlMi  tutular  well  of  Mhjot  DelAlleld. 
a;  a  (Fi«.  A),  »  aid*  rlew,  ind  (Pig.  B)  ■□  end  rlew  of  the  eHipdoal  Boikchfii  of  the  end  of  «*0b 

ftv  ^1  sboiilden,  or  rib*  to  ttmigthim  tb«  fl&nchn  agalail  lateral  rtnim. 

«,  tte-pl*te,  betwcco  the  rib*. 

/;  (Tiff.  B)  tide  view  of  the  rim  of  the  tie  pkte  fitted  to  the  tnterior  of  the  tabe, 

rf,  tf,  (Plgwi  A  and  B)  Bodctlo-pieoee  to  r«oeiT«  the  open  tieimu  of  m  tons  oimilAr  to  T\g.  188, 

which  rest  on  the  tubtHir  tHhh* 
\  crom  tuictlon  of  the  rib  through  the  ttddle-pl^cekr 

The  tie  plates  form  the  only  connection  between  the  curved 
ribs;  the  brottd-ribbed  flanehes  of  the  segmentSj  and  the 
raised  rims  of  the  tie  plates  inserted  into  the  ends  of  the 
tubes,  givuig  all  the  advantages  and  stiffness  of  diagonal 
pieces. 

630.  Tubular  ribs  with  an  elliptical  cross  section  have 
been  used  in  France  for  many  of  their  bridges.  They  were 
fiiiBt  Introduced  but  a  few  years  back  by  M.  Folouceau,  after 


<2)        «      3 


\      ® 


® 


udi. 


llrPQDgb  the  azte  oT  tbe  rlbw 
9  Ji,  fld«  vfAwof  clM  joint  bflfevm  1 
iM,  ioiMr  Me  of  Hkt  flmchi. 
C  cnMA  «ecBtko  of  >iwil  mpiMnf  ■ 
f,  /,  thin  wedgMof  vrooflit  Ieqii  pi 

tbc  paiti  lo  tbdr  pcofMr  iMvfBC^ 


i«|«l^«r  M 


loCCb*! 


whoee  desipns  tbe  greater  part  of  these  strDctnres  have  been 
boilt.  According  to  M.  Polonceaa'a  plan,  each  rib  cx>n&ista 
of  two  eymnietrie^l  parts  divided  lengthwise  bv  a  vertical 
joint,  fiach  half  of  the  rib  is  coniprjeed  of  a"  nniiil>er  of 
aegments  bo  distributed  as  to  break  joints,  in  oixler  that  when 
the  ee^nents  are  put  together  there  ehall  be  no  eontinaona 
cross  joint  througn  the  ribs^ 

The  segments  (Tig.  166)  arc  cast  witli  a  top  and  bottom 
Qanch,  and  one  also  at  each  end.  The  halves  of  the  rib  are 
connected  by  bolts  through  the  upper  and  lower  flaucheSy 
and  the  segments  by  l>olts  throngh  the  end  flanches. 

For  the  pnrposes  of  adjusting  the  sej^inents  and  bringing 
the  rib  to  a  suitable  degree  of  tension,  flnt  pieces  of  wrought 
iron  of  a  wedcje  shape  are  driven  into  the  joints  between  me 
segments,  ana  are  confined  in  the  joints  by  tlie  l»olrs  which 
fasten  the  segin^its  and  which  also  pafia  tlimugh  theaa 
wedges* 

To  connect  the  ribs  w^ith  each  other,  iron  tubular  pieces 
ai-e  placed  betw^ecn  them,  the  ends  of  the  tubes  being  suitar 
bly  adjusted  to  the  sides  of  the  ribs.  Viwight-iron  rods 
wtich  serve  as  ties  pass  thn^ugh  the  tubes  and  ribs,  being 
arranged  with  screws  and  nuts  to  draw  the  ribs  firmly  against 
the  tubular  pieces.    Diagonal  pieces  of  a  suitable  form  are 
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placed  between  the  ribs  to  give  them  the  requisite  degree  of 
fitiffiiess. 

In  the  bridges  constructed  by  M.  Poloneean  according  to 
this  plaru  he  suppoils  the  longitudinal  beams  of  the  roadway 
hy  ciLst-iron  rin^  which  are  fa^stcned  to  the  ribs  and  to 
eacli  other,  and  oear  a  chair  of  suitable  form  to  receive  the 
beams. 

631-  Open  cast-iron  beams  are  seldom  used  except  in  com- 
bination with  east-iron  arches.  Those  of  wrought  iron  are 
frequently  used  in  structures.  Tiiey  may  be  formed  of  a 
to]i  and  bottom  rail  connected  by  diagonal  pieces,  forming  the 
ordinary  lattice  arrangement,  or  a  piece  bent  into  a  curved 


of  WFOB^bt  in>ii  coiihirttiiie'  ot  n  top 
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fonn  may  be  placed  betiveen  the  rails,  or  any  other  suitable 
combination  (Fig.  16f))  may  be  used  which  ex>mbines  lightness 
with  Btrenccth  andstiffiiess. 

632.  H&ets  of  Temperatiire  on  Stone  and  Cast-iron 
Bridges.  The  action  of  variations  of  temperaturo  upon 
masses  of  masonnr,  particularly  in  the  coping,  has  already  been 
noticed.  The  effect  of  the  same  action  upon  the  eqnilibrium 
of  arches  was  iirst  observed  by  M-  Yicat  in  the  stone  bridge 
built  by  him  at  Suuillac,  in  the  joints  uf  which  perirxltcal 
changes  were  found  to  take  place,  nut  only  from  tne  ranges 
ot  temperature  between  the  seasons,  but  evt^n  daily.  Similar 
plienomeiia  were  also  very  accurately  noted  by  Mr.  George 
Ilennie  in  a  stone  bridge  at  Staines. 

From  those  recorded  observations  the  fact  is  conclusively 
established,  that  the  joints  of  stone  bridges,  both  in  the  arche» 
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Dece^ar>'  members  are  omitted^  and  hencefcComparatively  few 
t-ouuter-ties  are  used.  In  the  Fig.  oBly  two  are  sliowti— one 
each  side  of  the  centre.  The  number  of  counter-ties  depends 
upon  the  relation  of  the  movinjj  load  to  that  of  the  weight  of 
the  bridge  (see  articles  107  and  108  of  Wood's  Treatue  on 
Jii^dges  and  Roofi), 

The  lower  chord  is  sometimes  made  of  links  of  iron  (Fig. 
168),  which  pass  over  cast*iron  blocks  under  the  vertical 
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posts  (Pig*  169).    The  lower  chord  may  be,  and  at  the  preft- 
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ent  day  often  is,  made  of  eye-bars  (Fig.  170).     The  propei 
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form  and  dimenBions  of  the  eyes  and  the  proper  size  of  the 
pins  has  been  the  subject  of  considerable  experiment. 

At  first  it  was  supposed  that  the  total  section  on  both  sides 
of  the  eye  should  equal  half  tlie  section  of  the  pin,  but  ex- 
periments quickly  showed  that  when  made  in  this  proportion 
the  eyes  would  tear  out  before  the  shearing  strength  of  tlie 
pin  w^as  reached.  According  to  some  experiments  made  by 
Sir  Charles  Fox,  he  concluded  that  it  was  best  to  make  the 
bearing  surface  between  the  pin  Lr»d  concave  surface  of  the 
eye  about  equal  to  the  least  section  of  tlie  link  j  or,  in  other 
wonis,  the  diameter  ot  the  pin  should  equal  alwut  two-thirds 
of  the  diameter  of  the  link. 

This  rule,  however,  is  not  rigidly  adhered  to  by  our  most 
eminent  bridge  builders.  Each  has  a  nile  of  his  own.  Some 
make  the  eye  thicker  than  the  link ;  others  make  them  some- 
what pear-shaped  by  adding  material  back  of  the  eye  (Fig 
1 71} ;  while  etui  others  make  them  of  the  form  shown  m  Fig 
112. 
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These  weldless  chords  and  tubular  poets  have,  in  manv 
cEfies,  superseded  older  forms.  The  lower  chords  C  C  disposed 
at  ec'ich  ftide  of  the  suBpoDsion  ties  D,  and  counter-tie  E,  and 
between  ribs  in  the  bases  G  of  tlie  posts  or  struts,  are  effect- 
ually combined  with  the  struts  and  ties  by  means  of  a  con- 
necting-pin, Tlie  tendency  to  bend  the  connecting-pin  is 
obviated  by  this  distrihntion  of  the  strains. 

The  pin  can  fail  only  bj*  shearing. 

From  the  connecting-pins  depend  loops  or  suspenders,  1 1, 
which  support  the  rolled  cross-girders  F,  tliat  sustain  the  track* 
stringers  and  track-  The  upper  lateral  stmts  of  WTonriii  or 
cast  iron  are  secured  at  the  connecting-pins,  the  ties  being 
attached  to  an  eye-plate,  or  in  a  jaw*nnt  secured  to  the  con- 
necting-pins. 

The  lateral  ties  J  are  adjusted  by  means  of  sleeve-nuts  with 
right  and  left  hand-screws. 

The  lower  lateral  K  K  are  attached  to  the  cross  girders, 
and  adjusted  in  a  similar  manner. 

The  bases  and  capitals  of  the  poets  are  made  either  of 
wrought  or  cast  iron. 

To  secure  greater  eflSciency  in  the  struta  by  disperiRing 
with  the  round  bearing,  and  at  the  same  time  retain  the  pin 
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connection  between  the  chorda  and  ties,  the  lower  chorda 
are  bri^ugbt  compactly  together  lietwc^en  and  ontaide  of  the 
auspeusion-ties  and  sudpezjders,  and  a  bearing  orovided  on  the 
iippered^es  of  the  chords  for  the  lower  enas  of  the  posts. 
Tne  upper  ends  also  have  a  flat  hearing. 

636*  Arched  Truss.  Fig.  175  shows  the  general  form 
of  a  Whipple  Arched  Tniss.  "  The  upper  chord  ia  con: nosed 
of  hollow  tnbes,  made  in  sectioBB  of  aljont  a  panel  length. 

637.  Bollman's  Truss.  The  general  outlme  of  Bollman'a 
Truss  is  shown  in  Fig.  176* 

(^     O)     (^     (J) 


tciuJoQ  rods ;  D  F,  O  S,  eto^  u«  v^atL  rod** 


3DS  of  the  uppper  chord— <ast  iron  imd 
poBti^    AO»Ofi;AF,  Ffi,  Ota,  u« 


One  of  the  leading  features  of  this  bridge  is,  the  load  at 

each  post  or  joint  is  carried  directly  to  the  supports  at  the 
ends  by  means  of  a  pair  of  tension  (or  suspension)  mds. 
Thus  a  load  at  E  is  supported  by  the  post  E  F,  and  is  thence 
snpported  bv  the  rods  A  F  and  ^  B,  The  panel  rods  D  F, 
E  C,  E  G,  etc.,  serve  to  keep  the  npper  chord  in  place,  and 
in  case  of  an  undue  strain  up<>n,  or  faihire  of,  one  of  the  long 
suspension-rodsj  may  transmit  the  strains  to  the  other  mem- 
bers  of  the  truss. 

The  suspension  rods  being  of  unequal  length  will  be 
unequally  elongated  or  contracted  by  the  same  strain,  or 
by  changes  in  the  temperature.  In  order  to  prevent  severe 
cross  strains  upon  the  pfists  due  to  these  causes,  the  suspension 
rods  are  connected  to  the  lower  ends  of  the  posts  by  meaTia 
of  a  link  which  is  a  few  inches  in  length,  and  wliicli  pennits 
of  a  small  lateral  movement  at  the  ends  of  the  i*<:>ds  without 
any  corresponding  movement  of  the  posts.  The  sui3[>ension- 
raift  are  made  of  flat  iron,  and  pass  tlirough  die  ends  of  the 
upper  chord  where  they  are  secured  by  means  of  pins  which 
pass  through  the  ends  of  ihe  chuids. 

If  the  roadway  passes  above  the  upper  chord,  it  is  called  a 

deck  bridge,  and  the  lower  chord  may  be  dispeused  with. 

23 
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Bat  ff  (t  p^mm  m  the  lerel  of  the  Imrer  chord  (Fig.  IT&i,) 
the  krver  ebord  maj  be  rintplj  niapended  apoo  tM  peels ; 
and  not  be  depended  upon  for  feidiiluig  tenrion,  Tbe  lowei 
dionl  in  this  eaue  maj  alto  be  eotirelv  ditpenied  with ;  for 
cnw-ties,  or  joitta,  may  be  teenred  U>  tbe  poets  and  lotun 
todinal  JoinU  be  pla4[id  upon  them.  If  tbe  lower  chora  it 
oned  ana  is  made  oontinaoiis  so  as  to  resiat  tensioa,  it  tit- 


tnallY  changes  it  into  a  Whipple  trnss  in  which  the  long  sus- 
pension-rods are  unnecesdary  membersi.  Still,  in  this  case, 
tbe  truss — especially  the  panel  rods,  are  not  so  proportioned 
as  to  make  it  safe  to  omit  the  long  Bttspension-rons. 

688.  Fink  Truss,     Tlie  outline  or  skeleton  of  a  Fink  troM 
ia  shown  in  Fig.  177* 


y 
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Vlf.  ITT'Iliik  Ttdm,    a  B  th«  oppar  diord,  q  I  the  lawtr  (rtioiM,  tt  Qthh,  •!&,  m»  pflltik 
A  Ot  C  B  loot  mmften^aa-to^    Ak,AU^  ilo.,  neooodur  nuptmaon-rocU. 

Tliis  truss  consists  of  a  primary  system  of  king  posts,  A  0 
Bj  Fig.  177 ;  two  secondary  systems,  A  A  D  and  D  i  B;  four 
tertiary  systems,  A  g  b^  bi  D^jyj  e^  and  ^  /  B,  and  so  oa 
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Tbo  poets,  suspension-rods  and    chords  may  be  similar  in 
detail  to  the  systems  previoiisly  de«eril>ed. 

The  noted  L^niiBville  bridge,  across  the  Ohio  Eiver  at 
OuisTille,  la  made  upon  this  plan. 

nHfENSIONS   OF   THE   LOUISVILLB   BBIBOE. 

It  is  5,294  feet  long,  divided  into  the  following  spans  froir 
oentre  to  centre  of  piers : 

Kentucky  aluitment • , . .      32.5  feet 

2  spans  of  50  feet 100,0    ** 

1  pivot-draw  over  canal 264.0     " 

4  spans  of  149,6 598.4    ^* 

2  spans  of  180.0. .  360.0  « 

2  spans  of  210.0 ,  420.0  « 

2  spans  of  227.0 454,0  *' 

1  span  of  370.0.... 370.0  *' 

6  spans  of  245.5 1,473,0  *< 

1  span  of  400 400.0  « 

3  spans  of  180 540.0  *< 

1  span  of  149.6 149.6  « 

1  span  of  100...,....* 100.0  *« 

Inaiana  abutment 32.5  " 

Total  length. 5,294.0    " 

639.  Post's  Truss,  The  main  peculiarity  of  this  truss  is 
in  its  form.  The  upper  ends  of  the  posts  are  carried  towards 
the  centre  of  the  bridge,  an  amount  equal  to  half  a  bay,  and 
a?  all  the  bays  are  equal  the  posts  in  each  half  of  the  truss  are 
bJ  I  parallel  to  each  other  (Fig.  178), 

-   _\— rrn  ■  -        "     rCn^  ^'    rrn 


Fte.  rW— «ide  Tlew  of  pnnela  of  ft  Po«t  Traai.   JLXmrti  rtniti.   B  B»  main  ti«.  0  a  a«nter 
icA,    B  8,  bottom  cbopU.    I  I,  top  chordr,    D,  eodi  of  ftoor-beutuw    O,  lowwr  tuxrlsontsl 
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ing  the  channel-bars  and  having  the  plates  sheared  to  the 

reoiiired  shape. 

The  bearings  of  the  struts  upon  the  pins  (K)  are  of  eitliei 
cjist  or  wrought  iroUj  and  are  enclosed  between  the  side-plates^ 
and  abut  against  the  channel-barB,  and  are  riveted  to  both. 
The  pin  holes  are  bored  through  shftes  and  plates, 

B  U — Are  the  fnain  ties^  or  tuain  suspension  braces,  and 
arc  made  of  flat  bar-iron  with  die-forged  heads  at  the  ends, 
bored  out  to  fit  the  pins. 

C  C — Are  the  counter  ties,  made  of  round  iron,  with 
forged  eyes  at  the  ends  to  receive  the  pins,  and  having  turn- 
buckles  at  a  convenient  distance  ftam  the  bottom  end,  for 
purposes  of  adjustment, 

Jj  D — ^Are  the  floor-beams,  suspended  in  pairs  from  tlie 
chord  pins  at  each  panel  point,  by  means  of  eye-bolts  or  by 
stirrups  passing  over  the  cnord  pins  and  nnder  a  bolt  througn 
the  wel*s  of  the  beams. 

E  E — Are  the  bottom  chord  bai-s  or  links,  made  of  flat  bar- 
iron,  with  die -forged  heads,  and  bored  holes  for  the  chord 
pins.  The  sizes  of  the  bars  in  the  respective  panels  are  de- 
teiToined  by  the  strains,  the  first  and  second  panels  having 
tw^o  bai-a,  the  third  and  fourth  having  four  bars  each,  the  fifth 
and  sixth  having  six  bara  each,  etc.,  to  the  centre  of  the  span. 

F — Is  a  bottom  lateral  brace  angle  block  of  cast  iron,  fas- 
tencd  to  the  ends  of  the  floor-beams,  which  fonn  the  bottom 
lateral  strut, 

G  G — Are  the  lateral  brace-rods,  of  round  iron,  having 
screws  and  nuts  at  their  ends,  for  adjustment, 

II  H — Are  top  lateral  struts,  made  of  rolled-iron  |  beams, 
or  channel  bars  in  pairs.  These  struts  have  a  cast-iron  shoe 
at  their  ends,  and  are  bolted  to  the  top  plate  of  the  top  chord, 
by  bolts  passing  through  shoes,  top  plate  of  chord,  and  through 
tfie  joint  box  m  the  top  chtird.  The  top  lateral  brace  rods 
pass  through  the  cast-iron  shoes,  with  nuts  on  the  outside. 

I  I— Are  the  top  chords.  ^VTieu  made  of  wrought  iron 
they  are  composed  of  channel  bars  with  covering  plate  rivet- 
ed to  the  flanges  on  the  top,  and  bars  riveted  at  intervals 
across  the  b«^ttoni  flanges,  either  diag<inally  or  straight  acrf)ss 
to  keep  the  channel  bai-s  in  line.  Additional  sectional  area  is 
obtained  by  riveting  plates  on  the  ineide  of  tlie  channel  bai-s. 

The  top  chords  are  made  in  panel  lengths,  with  their  eud^ 
squared  by  machinery  to  insare  true  bearings — and  when  of 
cast  iron  have  a  rectangular  cross-section,  with  the  inside 
coi^d  out  Ui  obtain  the  necessary  sectional  aiea  to  provide  foi 
the  compression  strain* 
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The  oonnectioD  of  the  stnita  and  main  and  cc  unter  bi^acea 

i.^  made  by  means  of  a  pin  passing  through  a  cast-iron  box 
whleh  ^nmoftes  the  mall,  the  length  of  the  pin  being  jubt  equal 
to  the  width  oi  the  l>ox.  The  tof>-rhord  stn^t ions  have  a  recesa 
which  tits  over  the  box,  and  when  the  connection  is  made  in 
the  box  the  pieces  of  top  chord  are  laid  t>n,  and  cover  the 
whole.  The  joint  is  then  secured  bv  the  bolte  which  pasa 
through  the  top  lateral  strut,  top  chord  and  joint  box. 

DE8GBIFnOK  OF  POST'S  **  COMBINATION  "  OR  "  OOMPOSTTE"  BHIDOE. 

This  bridge  is  composed  partly  of  wood  and  partly  of  iron, 
as  shown  in  Figs.  ISla,  IBlX  and  181c. 

A,  A — Top  chord,  packed  and  framed  as  shown  in  Figs. 
181a  and  151S. 

B  B — Struts,  framed  with  square  end  at  the  top  entering  and 
abntting  against  joint  box  E  (Fig.  18U)  and  fitted  at  bottom 
ends  into  strut  shoe  K  (Fig.  181c?), 


A       ,7T. 


Fig.  Ibla. 

C  0 — Main  suppeneion  ties,  of  squnre,  round  or  flat  iron^ 
with  eye  at  lower  end  and  screw  at  upper  end,  passing  through 
joint  box  E,  secured  by  nuts. 

1)  D^Conntcr  braces,  of  square  or  romid  iron,  made  sim- 
ilar  to  raain  ties, 

E  E — Cast-iron  joint  boxes  euchmed  in  top  chord,  and 
receiving  the  struts,  raain  ties  and  counters. 

This  box  lias  a  Hange  amuud  the  bottom  to  support  the 
weight  of  the  top  chord,  which  lies  upon  and  is  bolteii  '/)  it. 
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and  drilled  holes  for  chord  pins  pAaeing  thraugh  flangee  o? 
fibs  below  the  socket*. 

640.  Alleghany  River  Bridge  at  Pittsburgh,  Pa.    Thii 
U  ft  lattice  iron  bridge  (Fig,  182),  and  is  similar  to  several 
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other  Btructureft  which  have  been  made  in  this  country.  There 
is  a  similar  one  on  tbe  New  York  Central  Railroad^  at 
Schenectady,  N.  Y.,  and  another  near  Rome,  of  tbe  same 

State. 

641.  St.  LoYiisand  Illinois  Bridge.  This  noted  structure 
might  properly  be  called  a  steel  arch.  It  consists  of  tliree 
span*!,  the  central  one  of  which  is  515  feet,  and  each  of  the 
end  onca  497  feet  There  are  eight  arches  in  each  span,  ar- 
rangeil  in  sets  of  two  and  two  ;  and  in  each  set.  one  arch  is 
directly  over  ttie  other,  and  the  two  are  trussed  together  by 
link-bars.  The  arches  are  composed  of  steel  tubes,  whicn 
are  made  of  steel  stavan,  as  will  now  be  explained 

All  tbe  steel  in  this  structure  is  of  the  very  best  quality. 
Tbe  standard  fixed  for  it  by  the  Chief  Engineer,  CapL  Eads, 
was  so  high  as  to  make  it  almost  impossible  for  our  best  steel 
manufacturers  to  produce  it    The  coefficient  of  elasticity  was 


¥lg,  188  gwetkm  of  %  tobc,  dU  LouU  «nd  niinou  Bridge,  a  a  \»  u  bted  oudjig'  ftlwal 
tfcn»ttgfatih»  of  Ul  inch  thick,  which  1»  Inpfied  ov^,  and  drated  Uke  tbe  plate*  of  «  «t<iani-baiU«r. 
^«  ft  azv  MMi  iteves  which  arc  forct^d  Into  the  cueing, 

A  ih  FfRV.  18S  and  184,  are  cro«.rodfl  for  cwinccttTiir  the  arehca  togpther  latcrall7. 

B  B  B  an  dlaffonal  rod*  in  a  Tcitioal,  for  oonaeuting  iho  Qpprr  arch  in  one  Mt  to  thd  lowv 
uch  In  the  adjacent  wt. 

C  C  C  an*  diii«t)tial  rpdj  In  the  plane  of  th^  tubf«s  for  oonnoctln^  ih«  |olDt  of  iiii«  eet  with 
tb«  joint  which  t»  in  odvanoe  ol  or  hack  of  the  cumwf •oodlnjf  jolnl  in  the  adjacent  wt. 

D  Ik  a  vertical  diairrioal  rod  for  tmadng  the  roadway, 

B  B  ■»  imiuM]  vertical  pcwta,  &m  Umvt  eodM  of  which  are  ■eooivd  to  tb«  arch,  and  tha 
r  md»  fupport  the  roadwaj* 
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Tig.  184— Ii  a  croM-BBctlon  of  two  archet 
of  th«  tirldge.  Two  aeta  of  tnboa  which 
form  the  aroh  are  thown^  alao  the  poati 
and  rodn  which  have  been  doacribad  abora, 

7  Fla  the  track  for  a  nOlruad ;  the  oa^ 
riage  road  paaitng  above  thia. 
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to  be  between  26,000,000  pounds  and  30,000,0  K)  pounds  wd 
it  was  to  sustain  &  strain  of  60,000  pounds,  without  ptodncing 
a  permanent  set 

All  the  workmanship  is  of  a  hiffher  order  than  is  usual  in 
bridge  construction.  Siiecial  machine  and  tools  were  made 
for  making  the  several  joints.  An  error  of  one  thirty-seoond 
of  an  inch  might,  in  most  casea,  b©  very  troublesome,  if  not 
fataL 


FIb,  in— Sboiiv  •  ild*  Tknr  of  a  portioa  tf 

O  O  «ra  dtagottkl  pom  vbkih  m  UnrnwH, 
u  thoiTB  In  F^  in,  for  ooaneottnt  th«  tmn 
ftrcbe*  iDseCha;  Tlw  oOw  letten  nte  m 
tlw  mmm  {»rt»  m  Id  Flgiw  188  wad  1SI» 


F1«.  tSO^-Stiom  ft  ORMMI 
tlcKD  of  the  appor  tokdwaj* 
I  1  ia  the  QaniBff»-wu. 
U  In  the  iido-wmlk. 


I  oCft  por^ 


Tlie  tubes  are  straight  throtighont  their  length,  but  the 
ends  ai^o  planed  off  in  the  directjon  of  the  radius  of  the  arch, 
so  that  the  arch  is  real  I  j  a  polygiju  having  short  sides.  Seve- 
ral rectangular  annular  grooves  are  cut  near  the  ends  of  each 
trbe;  ana  after  the  tubes  are  put  in  place,  tlieir  ends  abut- 
ting against  each  other,  they  are  joinea,  and  firmly  &ecui«d 
by  means  of  a  heavy  and  nicelj-iitted  iron  coupling.  In 
this  way  the  arch  is  made  ooiitinuous.     A  strong  steel  pin 
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pa£«e6  th rough  the  coiipling  and  the  ends  of  tlie  tuhes,  one 
half  of  the  pin  being  in  each  tube.  One  length  of  t^be  ia 
put  up  at  a  time,  and  is  connected  to  all  the  otliers,  which 
are  properly  placed  by  cross-rods,  A  A,  Figs.  183  and  184, 
and  al&o  diagonal  rods  C  C  and  B  B.  The  diagonalB  G  G 
are  also  secured.  Tliese  are  secured  to  the  pins  c  c,  Fig.  185. 
The  vertical  posts  EE,  which  support  the  railroad,  are  trussed 
by  means  of  diagonal  bars,  as  sliown  in  Fig.  184.  Each  skew- 
back  of  the  arch  ia  secured  to  the  abutments  by  means  of  two 
flix-inch  steel  rods  or  bolts,  which  pass  through  the  wrought- 
iron  skew-backs,  and  several  feet  into  the  masonry.  This 
bridge,  when  completed,  will  be  one  of  the  most  remarkable 
Btnietnres  of  its  kmd  in  tlio  world,  and  can  hardly  fail  to  es- 
tablish many  important  principles  in  iron  structures. 

642.  Kuilenberg  Bridge.  The  span  of  this  bridge  is  about 
the  same  as  tliat  of  the  St.  Louis  and  Illinois  bridge,  as  will 
be  seen  from  the  following  dimensions.  The  lower  chord  of 
this  bridge  (Fig.  187}  is  horizontal,  and  the  upper  chord  is 


/// 


He;  187-^QJleab«nr  Bridge.  Bpui  betureeo  the  abutment*,  152  nwlara,  Tot»t  length,  in- 
fitDdlD^  the  jtauU  on  the  alKitmecitii,  1M.&  meten  (fttxHit  615  feet).  Jjtsagth  ol  9U±  t»x,  4 
tmtmn^    Depth  <if  the  tniee  at  ttw  oentre^  tt  ttteefirsw 

the  arc  of  a  circle,  the  radius  of  which  is  809  feet.  It  is  of 
the  general  plan  of  the  Pratt  or  Whipple  systems,  only  that 
the  upper  chord  is  curved. 


VI 
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643,  Tubular  Frames  of  Wroughi-iron.  Except  for  the 
obvious  application  to  steam  boilers,  sheet  iron  had  not  been 
considered  as  suitable  ftjr  structures  demanding  great  strength, 
from  its  apparent  deficiency  in  rigidity ;  and  although  the 
principle  <if  gaining^  strength  by  a  proper  distribution  of  the 
materitil,  and  of  giving  any  desirable  rigidity  by  combiiiationa 
adapted  tv  the  object  in  view,  were  at  every  moment  acted 
ujxin,  lixim  the  ever-increasing  demands  of  the  art,  engineers 
leem  not  to  have  looked  upon  Mheet  u*on  as  suited  t^  such 
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purposes,  until  an  extraordinary  case  occurred  which  seen  u' J 
about  to  baffle  all  the  means  hitherto  employed.  The  occa- 
sion arose  when  it  became  a  question  to  throw  a  bridge  ol 
rigid  material,  ftir  a  railroad,  aeroes  the  Menai  Straits ;  fiu»- 
pension  syateme,  from  their  flexibility,  and  Bome  actual  fail- 
ures, being,  in  tlie  opinion  of  the  ablest  European  engineers, 
unsijitable  for  this  kind  of  communication, 

Robert  Stephenson,  who  for  some  years  held  the  highest 
rank  amontr  English  engineer-s,  appears,  fmm  undisputed  tcs 
timony,  toliave  been  the  finst  to  entertain  the  novel  and  bold 
idea  of  spanniri^  the  Straits  by  a  tube  of  sheet  iron,  supported 
on  piei-8,  of  sufficient  dimensions  for  the  passage  within  it  of 
the  usual  trains  of  railroads.  The  preliminary  experimentfl 
for  testing  the  pi^acticability  of  this  conception,  and  the  work* 
ing  out  or  the  details  of  its  execution,  were  left  chiefly  in  the 
hands  of  Mr.  William  FairbairJi,  to  whom  the  profession  owes 
many  valuable  papers  and  facts  on  professional  topics.  Thia 
gentleman,  who,  to  a  thorough  acquaintance  with  the  mode 
of  conducting  such  experiments,  united  great  zeal  and  judg- 
ment, carried  through  the  task  committed  to  him ;  pn>ceea- 
ing  step  by  step,  ujitil  conviction  so  finn  took  the  place  of 
apprehension,  that  he  rejected  all  suggestions  for  tlie  use  of 
any  auxiliary  means,  and  urged,  from  his  crowning  experi- 
ment, reliance  upon  tlie  tube  alone  as  equal  to  the  end  to  be 
attained. 

Numerous  experiments  were  made  by  him  upon  tubes  of 
circular,  elliptical,  and  rectangular  cross-section.  The  object 
chiefly  kept  in  view  in  these  experiments  was  to  determine 
the  form  of  cn^ss-section  which,  when  tlie  tube  was  submitted 
to  a  cross  strain,  would  present  an  equality  of  resistance  in  the 
parts  brought  into  compression  and  exteneion.  It  was  shnwii, 
at  an  early  etiige  of  the  operati<»n6,  that  the  circular  and  ellip- 
tical forms  were  tcKi  weak  in  tlie  parts  submitted  to  compres* 
sion,  but  that  the  elliptical  was  the  stronger  of  tlie  two;  and 
that,  whatever  form  miglit  be  adopted,  extraordinary  meant 
would  be  requisite  ti»  prevent  the  part>  submitted  to  eoraprcs- 
sion  fi-om  yielding,  by  **  puckering"  and  dcmblint!:.  To  meet 
this  last  difficulty,  the  fortunate  ex^>edient  was  nit  upon  of 
making  the  part  of  the  main  tulic,  upfiu  which  rhe  strain  of 
compi-ession  was  brought,  of  a  series  ot  smaller  tubes,  or  celU 
of  a  curved  or  a  rectangular  crossnsection.  The  hotter  form  of 
section  was  adopted  detinitively  for  tJie  main  tube,  as  havijig 
yielded  the  m<Mt  satisfactory  results  as  to  resistance;  and  alBo 
for  the  smaller  tubes,  or  cells,  as  most  eafly  of  construotioo 
and  repair. 
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As  a  detail  of  each  of  these  experiments  would  occupy 
more  epacie  than  can  be  given  in  this  vvorkj  that  alone  of  tlie 
tube  which  pave  resnite  that  led  to  the  forms  and  diiaensiont 
adopted  for  the  tiibalar  bridges  subsequently  constroctea,  will 
be  given  in  this  place. 

644.  Model  Tube.  The  total  length  of  the  tube  was  78 
feet.  The  distance,  or  bearing  between  the  |iointa  of  siiimoH 
on  which  it  was  placed  to  test  its  strength,  was  75  ft.  Total 
depth  of  the  tube  at  the  middle,  4  ft.  6^  in.  Depth  at  each 
extremity,  4  ft.     Breadth,  2  ft.  8  in. 

The  top  of  the  tnbe  was  composed  of  a  top  and  bottom 
plate,  funned  of  pieces  of  slieet  ircm,  abutting  end  to  end,  and 
connected  by  narrow  strips  riveted  to  them  over  the  joints* 
These  platea  were  2  ft.  11^  in.  wide.  They  were  C^  in.  apart, 
and  connected  by  two  vertical  side  plates  and  five  interior 
division  plates,  with  which  they  were  strongly  joined  by 
angle  irons,  riveted  to  tlie  divieion  plates,  and  to  the  top  and 
bottom  plates  where  they  joined.  Each  cell,  betw^een  two  di- 
vision plates  and  the  tup  and  bottom  plates,  was  nearly  6  in. 
wide.  The  sidee  of  the  tnbe  were  made  of  plates  of  sheet 
ii»n  blniilarly  connected;  their  depth  was  3  ft  61  in.  A 
strip  of  angle  iron,  bent  to  a  curved  shape,  and  running  from 
the  bottom  of  each  end  of  the  tube  to  the  top  just  below  the 
cellular  part,  was  riveted  to  each  side  to  give  it  stiffness.  Be- 
sides tins,  precantions  were  tinally  taken  to  stiffen  the  tnbe 
by  diagonal  braces  within  it.  The  bottom  of  the  tnbe  was 
fonneii  of  sheets,  abutting  end  to  end,  and  secured  to  each 
other  like  the  top  plates;  a  continuous  joint,  running  the  en- 
tire length  of  the  tube  along  the  centre  line  of  t!ie  bottom, 
was  secured  by  a  continuous  strip  of  iron  on  the  underside, 
riveted  to  the  plates  on  each  side  of  the  joint  Tlie  entire 
width  of  the  bottom  was  2  ft.  11  in. 

The  sheet  iron  composing  the  top  cell  alar  portion  was  0.147 
in.  thick ;  that  of  the  sides  0.099  in.  thick.  The  bottom  of  the 
tnbe  at  the  final  experiments,  to  a  distance  of  20  ft.  on  each 
Bide  of  the  centre,  was  composed  of  two  thicknesses  of  sheet 
iron,  each  0.25  in.  thick,  the  joints  being  secured  by  strips 
above  and  below  them,  riveted  to  the  sheets;  the  remainder, 
to  the  end  of  tlie  tube,  was  formed  uf  sheets  0.156  in*  thick. 

The  total  area  of  sheets  comp<i8ing  the  top  cellular  portion 
was  24-024  in,,  that  of  the  bottom  plates  at  the  centre  portion, 
22.450  in. 

The  general  dimensions  of  the  tube  were  one  sixth  those  of 
the  proposed  structure.  Its  weight  at  the  daal  experiment, 
18,020  lbs. 
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Tlie  experiments,  as  already  stated ,  were  conducted  with  a 
view  to  obtain  an  equality  between  the  reeistances  of  the  pax  La 
BtJ-ained  by  compression  and  those  extended ;  with  this  object^ 
at  the  end  of  each  experiment,  the  parts  torn  aeundcr  at  the 
bottom  were  rejjhiced  by  additional  pieces  of  inci-eascd 
Btrength. 

The  following  table  exliibits  the  reBiilts  of  the  final  experi* 
menta : — 


Na  of  Experiments, 

1 

a 


10. 

11. 

12. 
13. 
U. 
IS. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

2d. 

34. 
26. 


Weight  in  lb«. 
.  2U,UU(j.,. 
.  35,776... 
,.  48,878... 
.  62,274... 
.  77,534... 
92,299 . . . 
.103,.^50... 
.1I4,GC0... 
.132,209... 
.138,060... 
.143,742... 
.148,443... 
.153,027... 
.157,728... 
.161,886... 
.164,741... 
.167,614... 
.171,144... 
.173,912... 
.177,088... 
.180,017... 
.183,779... 
.186,477... 
.189,170... 
.192.892 


Deflection  in  inoba 

, 0.55 

0.78 

, 1.13 

, 1.48 

1.78 

, 2.12 

2.88 

2,70 

3.06 

3.23 

, 3.40 

3.58 

3.70 

3.78 

, 3.88 

3.98 

4.10 

, 4.23 

4.33 

4.47 

4.56 

4.62 

4.72 

4.81 


The  tube  broke  with  the  weiglit  in  the  25th  experiment  j 
the  celbihir  top  jioldiiig  by  puckering  iit  about  2  feet  from 
the  point  where  the  weight  was  applied.  The  bottom  mid 
Bides  remained  iininjiired. 

The  uhimate  defleclion  was  4.89  in. 

645.  Britannia  Tubular  Bridge.  Nothing  further  than  u 
gnccinct  deseription  of  tin's  marvel  of  engineering  will  be 
attempted  liero,  and  only  with  a  view  of  showing  the  arrange- 
ment oi  the  parts  for  the  attainment  of  the  proposed  end 
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It  differs  in  its  general  Btnictiire  from  tlie  model  tube,  chieBy 

in  having  the  bottom  formed  like  the  top,  of  rectangular  oelle, 
and  ill  the  moans  taken  for  giving  etiflPiiess  to  the  sides. 

The  toTal  distance  spanned  by  the  bridge  is  1,489  ft.  Tliis 
IB  divided  into  four  bays,  the  two  in  the  centre  being  each 
46(»  ft,j  and  the  one  at  each  end  230  ft.  each. 

Tlie  tube  is  1,524  ft.  long.  Its  bearing  on  the  centre  pier 
IB  45  ft. ;  that  on  the  t%vo  intermediate  32  ft ;  and  that  on 
each  abutment  17  ft.  6  in.  The  height  of  the  tube  at  the 
centre  pier  is  30  ft. ;  at  the  intermediate  piers  27  ft. ;  and  at 
the  ends  23  ft.  This  gives  to  the  top  of  the  tube  the  shape 
of  a  parabolic  curve. 


b^ 


J 


iJk 


Pig.  1fi8— B«pf«ii«iits  m  TflVtkAl  dtMA-MGdoB  ot  tb*  BrttftDfilA  Bri4g«. 
it,  tuterior  of  bridge 

B,  edis  of  top  oeUular  bewn. 

C,  <m:Ub  of  bottom  odluliv  beanL 

0,  top  plMi»  of  top  and  bottdtn  be&mfl, 

*,  bc«tt:.m  plates  of  top  ttud  bottf>in  bcamJL 

5divL>doa  pi&tofl  ol  top  and  bcttom  beuni. 
uad  tit  Btrip*  ri\'c-tc4l  over  the  joints  of  top  uid  bottom  plalou 
0^  ftngkr  bronB  riveted  to  c^  6,  *nd  c. 
0»  plato»  of  «ide«  of  tbe  mUi  A. 
A,  cxtertor  T  irooi  riteted  over  Tcrticml  joLata  ot  g. 

1,  mverioT  ]  lron«  riroted  ovor  vertical  jolntB  of  g^  and  beot  at  th«  AUfkit  of  jI,  iod  tixtcoJ 

Init  bejond  tbe  leooiM]  cell  of  tbe  top  beftzn,  and  btytmd  the  Ont  of  Dw  bci«toB  beam 
Ni  trLaQgniiu-  pimom  OQ  '«ctti  iid«  of  i;  and  rtv«ted  to  tbem. 


TSif  wLnJar  7:n-  I2z  !•<?  *  SViaec  iirr:  «<*3c  rtife  51  "i* 
mM-  -^sa  til;#fr  :  «iii  -zu*:  ir.uicc  is»  «!fcir»ti  17  -nit  sz^  /  «ii£ 

ziutt  }tiftf*.  w:aiftrt  -21*7  a^ie  i-fcutif  lu.  riii.  ^-.k-    7i*-,OT«.TL 
^inkz^  t?*   .tf  Tilt  c&mt  •£_ir:drtJK  c  tiit  teanrft.  Kui  " 
ia.  ^iit  «i.uit  stt^LJu^r  I'j'wtrii  ^bt  i<>ir^    Tlit  r.-nsa  «*  1 
taotk.  «aii  fc?*:  lis^ftd  i  ii.  &^«r:  fr:€x  «e:2z*  •:;  orilwl 

w*  1  fsL  V  i:i.  vj  1  fL  9  Iz^  »>  w  ^-  %fT^  m  nsa  for 

Tut  «il"ijfifcf  vxy.tD  i  ciTiiei  ba&  ki  «ijs  d  «»ci  of 
w4i*ai2fL4fci.Ti<>et7lfcS»5=.£=:bs;^  To&aia^ 
fl«  £«■  art  pPi«tS*a.VJt.  ^ii*:  -tj^liiw  -^f  •  cuifw  :bt  iliKtfr  for  the 
«i^  cf  TEit  titljt  ir*ert  !::iiit  li  fL  iT.^.  Tv  zit*  saficxsr 
«r»n^L  Vr  retie:  ^irr  gT**:  Teriffl-t  s:ni£-  :zjt  tJic^  sad  Sx:&?ai 

iTJL..  T£i#6r  0?^  Lfcjer  !vrt4k::*z  ;-  >::i':  -Bitr.  'iie  .cher.  Tbe  ;  "csis 
c^tr  tiit  dlrUlj^  J  JJLtee  are  s««r-re»i  i-j  *r-^l-r  ir.^ia  v,  in  tbe 
fftx^  rf.anr.<er  »  ii;  tl*  ':Ttll:i!ar  t  .p.  The  j-x:::*  l^ec^ne^n  xbe 
HJr^Jt  is*:  ^^r'lreri  '/T  ^L-eet*  2  ft.  ^  :r-  1  njrj: li-.^i  '.'Ter  :ieuu 
ihi.':'^  iSH  i:9jt\HZJ=-l  \j  rivets  tLa:  £s«  iLr*.':^^  :be  triple 
tfaickr.^jM  of  <tL^3«=r*j5  at  tL^ijse  yy.z^Vi.  ir.e  rivets,  f.-r  an&inia^ 
p^AX^r  »rr<::.;r:i*  at  the^  point*,  are  :n  i::.e5  leazthwise  of  tfae 
c^rlL  TLe  rL«i*tfl  f  ^rmln^  t:.e  top  a:.*!  l-xt'.-m  plate?  of  the 
Ob\U  are  iV'^*^  '^^^  ^^  '^'^^  **  *^^  ceritre  vf  the  rul:«,  and  de- 
crease to  AtL§  at  the  ends.  The  division  plates  are  -^ths  in 
the  middle,  and  -^ihi^  ai  die  eiids  of  the  mbe.  The  riveia  of 
tbe  top  and  bott^>m  plates  are  1^  in.  in  diameter. 


fig.  M^-atini— u  •  horuofcfl  trna  wttWi  •<  ta>  T  «w  — *  ^*» 
i^,  troM— cttoa  ncBT  oontre  'jf  bndfv. 
JT,  crw  — ortoB  near  the  pi«Tm. 
#,  pUtM  (j<  tlM  iidet 

h,  ■     -' 
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Tlie  sidea  of  the  tube  (Fig.  188)  between  the  cfellulai  top 
and  lioUoiri  are  foruied  of  sheets  g^  2  ft.  wide ;  the  lengths  of 
whifh  are  go  arranged  that  there  are  aUerriately  three  and  four 
plateB  in  each  puiiel;,  the  sheets  of  each  panel  abutting  end 
to  end,  and  ft^nni?\f^  a  contiunons  vertical  joint  between  the 
adjacent  panels.  iThe^e  vertical  joints  are  secured  by  etripa 
of  iroii^  h  and  i\  of  the  T  cross-sectionj  placed  over  each  siae 
of  the  joint,  and  clamping  the  sheets  or  the  adjacent  panels 
between  them.  The  T  irons  within  and  without  are  firmly 
riveted  together  with  1-inch  rivets,  placed  at  3  in,  between 
their  centres.  Over  the  joints,  between  the  ends  of  the  sheets 
in  each  panel,  pieces  of  sheet  iron  are  placed  on  eacli  side, 
and  connected  by  rivets.  The  sheets  of  the  panels  at  the 
centre  of  the  tube  ai-e  ^ths  of  an  inch  thick  ;  they  increase 
to  -Jfths  to  within  about  10  ft.  of  the  piers,  wliere  their  tliick- 
ness  IB  again  increased ;  and  the  T  irons  are  here  also  increased 
in  thickness,  being  composed  of  a  strip  of  thick  sheet  iron, 
clamped  between  strips  of  angle  iron  which  extend  from  the 
top  tc>  the  bottom  of  the  joints.  The  object  of  this  increase 
or  thickness,  in  the  panelB  and  T  irons  at  the  piers,  is  to  give 
sufficient  rigidity  and  strength  to  resist  the  crushing  strain  at 
theee  piints. 

The  T  irons  on  the  interior  are  bent  at  top  and  bottom,  and 
extended  as  far  as  the  third  cell  from  the  sides  at  top,  and  t(» 
the  second  at  bottom.  The  projecting  rib  of  each  in  the 
angles  is  clamped  between  two  pieces,  /i,  of  sheet  iron,  to 
which  it  is  secured  by  rivets,  to  give  gi*eater  stiffness  at  the 
angles  of  tbe  tnbe. 

The  arrangement  of  the  ordinary  T  irons  and  sheets  of  the 

fjancls  is  shown  in  eross-section  by  2^,  Fig.  189 ;  and  that  of  the 
ike  parts  near  the  piers  by  E^  same  Fig. 

For  the  purpose  of  giving  greater  stiffness  to  the  bottom, 
and  to  secure  fastenings  for  the  w^ooden  croes  sleepoi-s  tliat 
support  tbe  longitudinal  beams  on  which  the  rails  lie,  cross 
plates  of  sheet  in^n,  half  an  inch  thick,  and  10  in.  in  depth, 
are  laid  on  the  bott4:>m  of  the  tube,  from  side  to  side,  at  every 
fourth  rib  of  the  T  iron,  or  6  fU  apart*  These  cross  plates  are 
secured  tci  the  bottom  by  angle  ii-on,  and  are  riveted  also  U 
the  T  iro!i. 

The  tube  is  firmly  fixed  to  the  central  pier,  but  at  the  inter 
mediate  piei^  and  the  abutments  it  rests  upon  saddles  sup 
ported  on  rollers  and  balls,  to  allow  of  the  play  from  con- 
traction and  expansion  by  changes  of  temperature. 

The  fulttjwing  tabular  statements  give  the  details  of  the 
dimensions,  weights,  etc.,  of  the  Britannia  Bridge. 
23 


354 


CIVIL  ENonncERma. 


TstmX  Umgth  of  eneh  fcnbfl  , ....  ^  »***««... . 

**  ''     at  tubes  for  c«cb  Uo*. 

Oreatmt  •pan  of  b»y . . . .  * 

U«Lgbt  uf  tnbea  ut  tha  tniddlo  ........... 

'*  '*         lnt«rmedi*to  pl«i 

♦'  ♦»         ttUit 

Extrem«  wldtU  of  tiibc«, 

Number  of  rlvoto  in  ooe  mb« 

Oomimliod  weight  of  tab«  S74  ft  kiv^, .... 
''       8  tab<M  974  ft.  lone 

••  •*       1  tube  472  ft.  lonjf. 

"       8  tub««  47»  ft.  fcn./ 

**  **        1  tube  ot«r  ptar  88  fL  long 

fAusiMftDd  bmma 

ToUl  weight 


F«t.  ]rut«]^ig« 


5788     1S40       8M       deO     2000   lO.STO 


SOOO 


Ti^ 


646.  Formula  for  reducing  the  Breaking  Weight  of 
Wrought  Iron  Tubes 

Repreeeiiting  l>j  A,  tlie  total  area  in  inches  of  the  cro6&- 

Bection  of  the  metal. 
**  "    </j  the  total  depth  in  inches  of  the  tuhe. 

"  "    /,  the  length  in  inches  between  the  pointa 

of  Blip  port 
**  **    0,  a  constiint  to  be  determined  by  ex 

peri  111  e  lit, 
"  *'  W,  the  breaking  weight  in  tons. 

Then  the  relations  between  tbeee  elements,  in  ttibee  of 
cylindricalj  elliptical  and  rectangular  croBS-section,  will  be 
expressed  by 

The  mean  value  for  C  for  cylindrical  tiibea^  deduced  from 
several  experiments^  %va8  found  t^  be  13.03;  that  for  ellipti- 
cal tubes,  15. iJ;  and  that  for  rectangular  tubes,  21,5. 

647*  Victoria  Bridge.  This  bridge  is  located  near  Mon- 
treal. It  is  a  tnbnlar  i)ridge,  a  cross-sectiun  of  which  isfthown 
in  Fig.  100,  It  is  the  largest  bridge  of  its  kind  in  existence. 
It  consists  of  twcntv-four  opetim^s  of  242  feet  each,  and  a 
central  span  of  330  /cet,  and  the  total  length  of  the  tube,  in 
eluding  the  width  of  the  abutments,  is  6,538.  The  em- 
bankment forming  the  approach  at  the  Monti-eal  end  is  1,2U0 
feet  long,  and  at  tlie  eon  to  end  it  is  ?>0n  feet,  making  a  tx^tal 
letigth,  including  the  approaches,  of  nearly  8,000  feet. 

The  centre  span  is  level,  but  each  side  of  the  centre  tltfl 
bridge  falls  on  a  grade  of  40  feet  per  mile. 
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.  I.    Fl(r>  lOD  B—Tn  «  gectton  oo  the  Hi  t  O  B  of  F^.  ItO. 
L  ti  An  ■nRle  Iracu  whloli  at*  rif  «feed  to  Hit  iide  pl«n 


^Slrv;.  otlMR 


ftff.  IW  C— SuctlaQ  of  th«  bottom  pUiUai  B  of  Fi^.  100.     Th«re  are  tlirea  eoetlciootiP  pIfttM 
■nd  four  joint  plmtm. 

inci^ase  in  depth  to  the  middle,  where  they  are  16  feet  wide 
by  21  feet  8  ineliee  deep.  Tlie  total  lengtli  of  eaeh  of  these 
ioiible  tubes  ig, 

Ob  the  centre  pier 16  feet 

Two  openings  in  the  clear.  • . ,  •  • 484    " 

Resting  on  me  east  pier 8     " 

Resting  on  the  west  pier 8    " 

Total ,,.... , ,   516  feet. 

The  weight  of  eaeh  tnbeof  516  feet  is  about  OW  torig.  At 
each  end  are  seven  expansion  mllera,  each  6  inches  in  diame' 
ter^iipon  which  the  tubes  rest  The  rollers  which  are  turned 
rest  on  planed  ciu^t-iron  bed  plates. 

The  centre  pier  is  24  feet  wide,  the  remaining  ones  each 
16  feet  wide  at  the  top* 

The  work  of  laying  the  foundation  was  begun  in  1854, and 
the  centre  tube  was  ]>ut  in  place  in  March,  1859, 

The  scaffolding  for  the  centre  tube  rested  on  the  ice  in  tho 
river,  which  began  to  move  the  day  after  the  tube  was  put 
in  place.  From  a  record  which  had  been  kept  of  the  break- 
ing up  of  the  ice,  it  was  presumed  that  it  would  remain  sound 
several  days  limger  than  it  did. 

The  foundations  were  made  on  the  solid  rock  by  means  of 
cfiffer-dams.  Two  kinds  were  used,  one  a  floating  dam,  and 
the  other  a  permanent  crib* work ;  and  each  possessed  certain 
advantages  over  the  other  which  was  peculiar  to  itself  and  tc 
the  objects  which  were  to  be  accomplished. 
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©48.  *rhe  use  of  flexible  nmterials,  as  cordage  and  the  like^ 
to  form  a  roadway  over  eliasras  and  narrow  water-courses, 
dates  from  a  very  early  period ;  and  fitnicturee  of  tliia  char- 
acter were  probably  among  the  fij-st  rude  attempta  of  ingenu- 
ity, before  the  arts  of  the  carpenter  and  mason  were  euf- 
ficiently  advanced  to  be  made  enbeervient  to  the  same  ends. 
The  ide^  of  a  Biiepended  n>adway,  in  ife  simplest  form,  is  one 
that  would  natnrally  presen  t  it&elf  to  the  mind,  and  its  con- 
sequent construction  Avould  demand  only  obvious  means  and 
but  little  mechanical  contrivance ;  but  the  step  from  this 
stage  to  the  one  in  which  such  structures  are  now  found, 
supposes  a  very  advanced  state  both  of  science  and  of  its 
application  to  the  industrial  arte,  and  we  accordingly  find 
that  bridge  architecture,  under  every  other  guise,  was  brought 
to  a  high  degi-ee  of  perfection  before  the  suspension  bridge, 
as  this  stnicture  is  now  nndersttxxl,  was  attempted. 

With  the  exception  of  some  isolated  cases  \mich,  but  in  the 
material  employed >  differed  little  from  the  fii'st  rudestruc 
tnres,  no  recorded  attempt  had  been  made  to  reduce  to  syste- 
matic rules  tlie  means  of  suspending  a  roadway  now*  in  use, 
until  al>out  the  year  ISOl,  when  a  patent  was  taken  out  in 
this  country  for  the  nni-fMise,  by  Mr,  Finlay,  in  which  the 
manner  of  hanging  tlie  chain  suppoils,  and  suspending  the 
roadway  from  it,  are  specifically  laid  down,  difiering,  m  no 
\erj  material  point,  from  the  practice  of  the  present  day  in 
this  bmnch  of  bridge  architecture.  Since  tnen,  a  number 
of  structures  of  this  character  have  been  ert^ctcd  both  in  the 
United  States  and  in  Europe,  and,  in  some  instances,  valleys 
and  water-courses  have  been  stianned  by  them  mider  circum 
stances  which  w^ould  have  baffled  the  engineer's  art  in  the  em 
plovroent  of  any  other  means. 

A  suspension  bridge  consists  of  the  supports,  termed  pi^ers^ 
from  which  the  suspension  chains  are  hung ;  of  the  ancnoring 
masses,  termed  the  aJmtmenU^  to  which  the  ends  of  the  sus- 
pension chains  are  attached ;  of  tlie  6us]iension  chains,  termed 
the  warn  chaiiu^  frt^m  which  the  rc^advvay  is  suspended ;  of 
the  vertical  rods,  (^r  chains,  termed  the  suspetidiji^-c/iaiti^i,  etc., 
which  connect  the  roadway  with  tlie  main  chains;  and  of  the 
roadway. 

649, '  BayS'    The  natural  water-way  may  be  divided  luU) 
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any  o umber  of  equal-sized  bays,  depending  on  local  circniti- 
stances,  and  the  comparative  cost  of  high  or  low  piers,  and 
that  of  the  main  chains,  and  the  euspencfing-rodfi. 

A  bridge  with  a  single  bay  of  considerable  ^vidth  presents 
a  b<4der  and  more  inunmnental  character,  and  its  stability, 
all  other  things  being  equal,  is  greater,  the  amplitude  from 
nndiilations  caused  by  a  movable  load  being  leaa  than  one  of 
several  bays, 

650.  A  chain  or  rope,  when  fastened  at  each  extremity  to 
fixed  points  of  support,  will,  from  the  action  of  gravity, 
assume  the  form  or  a  catenary  in  a  state  of  equilibrium, 
whether  the  two  extremities  be  on  the  same  or  different  levels* 
The  relative  height  of  the  fixed  suppcjrta  may  therefore  be 
made  to  conform  to  the  locality. 

651.  The  ratio  of  the  versed  sine  of  the  arc  to  its  chord,  or 
span,  will  also  depend,  for  the  most  part,  on  local  circum- 
stances and  the  object  of  the  suspended  structure.  The 
wider  the  span,  or  chord,  for  the  same  versed  sine,  the  greater 
will  be  the  tousion  along  the  curve,  and  the  more  strength 
will  tlierefore  be  required  in  all  the  parts  of  the  cable.  The 
reverse  will  obtain  fur  an  increase  of  versed  sine  for  the  same 
span  J  but  there  will  be  an  increase  in  the  length  of  the  curve. 

652.  The  chains  may  either  be  attached  at  the  extremities 
of  the  curve  to  the  fixed  supfjorts,  or  piei*8  ;  or  they  may  rest 
upon  them  (Figs.  191, 192),  being  tLxed  into  anchoring  mafisea 
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or  abutments,  at  some  distance  beyond  the  piers.  Loca, 
circumstances  will  deternnne  which  of  the  two  methods  will 
be  the  more  suit-able.  The  latter  is  generally  adopted^  partic- 
ularly if  the  piers  require  to  be  high,  since  the  strain  upon 
them  from  the  teiision  might,  f rem  the  leverage,  cause  rup* 
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ture  iti  the  pier  near  the  bottom^  and  becanae,  moreover,  it 
remedies  in  mme  degree  the  incon%'enienee8  arisujcr  froni 
variatloufl  of  tension  caused  either  by  a  movable  load  or 
changes  of  temperature,  Piei-s  of  wood,  or  of  cmt  irt>n, 
movable  around  a  jt»iiit  at  their  base,  have  been  used  instead 
of  fixed  piers,  with  the  object  of  remedying  the  same  ineoii- 
venienees, 

653.  Wlien  the  chains  pass  over  the  piers  and  are  anchored 
at  some  distance  beyona  them,  they  may  reat  either  upon 
eaddle-pieces  of  east  iron^  or  n\Hm  pulleys  placed  on  the 
piers. 

654.  The  position  of  the  anchoring  points  will  depend  upon 
local  circumstances.  The  two  branches  of  the  chain  nniy 
either  make  ecpial  angles  with  the  axis  of  the  pier^  thus  assum- 
ing the  same  curvature  on  each  side  of  it,  or  else  the  extrera- 

of  the  chain  may  be  anchored  at  a  point  neai*er  to  the  base 
the  pier.  In  the  former  ease  the  resultant  of  tlie  tensions 
and  weights  will  be  vertical  and  in  tlie  dir-ection  uf  the  axis 
of  the  pier,  in  the  latter  it  will  be  oblique  to  the  axis,  and 
should  pass  so  far  within  the  base  that  the  inaterial  will  be 
eeeure  rrom  crushing.  When  the  cable  is  secured  to  a  sad- 
dle, and  the  saddle  is  free  to  move  horizontally  on  the  top  of 
the  pier,  the  resultant  forces  would  still  be  vertical  if  there 
were  no  frictional  resistani-e  to  the  movement  q£  the  saddle 
In  all  cases,  whetlier  the  inclinations  of  the  cable  on  the  oppo- 
site sides  of  the  pier  are  equal  or  not,  the  frictional  resistance 
under  the  saddle  when  it  is  moving  will  cause  a  horizontal 
force  tending  to  overturn  the  pier. 

655.  The  anchoring  points  are  usually  masses  of  masonry 
of  a  suitable  form  to  resist  the  strain  to  which  they  are  sub- 
jected. They  may  l>e  placed  either  alxive  or  below  the  sur- 
face of  the  groimd,  as  the  locality  may  demand.  The  kind 
of  resistance  offei-ed  by  them  to  tlae  tension  on  the  chain  will 
depend  u{>on  the  position  of  the  chain.  If  the  two  branches 
of  the  chain  make  equal  angles  with  the  axis  of  tlie  pier,  the 
resistance  offered  by  the  abutments  will  depend  mainly  upon 
ihe  strength  of  the  material  of  which  they  are  formed.  If 
the  brancnea  of  the  chain  make  unequal  angles  with  the  axis 
of  the  pier,  the  branch  fixed  to  the  anchoring  uuiss  is  usually 
deflected  in  a  vertical  direction,  and  bo  secureS  that  the  weight 
of  the  abutment  may  act  in  resisting  the  tension  on  the  chain. 
In  this  plan  fixed  pulleys  placed  on  very  firm  supportf*  will 
l»e  required  at  the  point  of  deflection  of  the  chain  to  resist  tlie 
pre««ure  arising  fiT>m  the  tension  at  these  points. 

Wlienever  it  is  practicable  the  abutment  and  pier  shonM  be 


360 


GtYIL  EJSQJKEESINQ, 


Buitably  connected  to  increase  the  refitstanee  offered  by  tht 

funiier. 

The  connection  between  the  chains  and  abutments  ahould 
be  60  arranged  that  the  paits  cAn  be  readily  examined.  The 
chains  at  these  points  are  sometinieB  imbedded  in  a  paste  of 
fat  lime  to  pre^^ervo  them  from  oxidation. 

656.  Tlie  chains  may  be  placed  either  al>ove  or  below  llie 
fetrnctnre  to  be  supported.  The  former  gives  a  system  of 
more  stability  tJian  the  latter,  owing  to  the  position  of  the 
centre  of  gravity,  but  it  usually  requires  high  piers,  and  the 
chain  cannot  generally  be  S(»  well  arningcd  as  m  the  latter  to 
subserve  the  required  purposes.  The  curves  may  consist  of 
one  or  more  chains.  Several  are  usually  preferred  to  a  single 
one,  as  for  the  same  amount  of  metal  they  offer  more  resist- 
ance, can  be  more  accurately  manufactured,  are  less  liable  to 
accidents,  and  can  be  more  easily  put  up  and  rephiced  than  a 
single  chain.  The  chains  of  the  curve  may  be  placed  either 
side  by  side,  or  alx>ve  eacli  other,  according  to  circumstances. 

657.  Tiit^  cables  may  bo  formed  of  chams,  of  wire  cables, 
or  of  bands  of  hoo]i  iron.  Each  of  these  methods  has 
found  its  I'espectivo  advocates  among  engineers.  Those  who 
prefer  wire  cables  to  chains  urge  that  the  latter  are  more 
liable  to  accidents  than  the  former,  that  their  strength  is  less 
unifuriii  and  less  in  proportion  to  their  weight  than  that  of 
wire  eabies,  that  iron  bai's  are  more  liable  to  contain  con- 
cealed defects  tlian  wire,  that  the  prrnifs  to  which  chains  are 
subjeeted  may  increase  without,  in  all  eases,  exptjsing  these 
defects,  and  tnat  the  construction  mid  putting  up  of  chains  is 
more  expensive  and  difficult  than  for  wire  cables.  The  op* 
pi*nentB  of  Avire  cables  state  that  they  are  open  to  tht^'r^anje 
objeetions  as  tliose  urged  against  cliaius,  that  they  offer  a 
f^reater  amount  of  surfaee  to  oxidatiioi  than  the  same  volume 
of  bar  iiYin  would,  and  that  no  preeauttt»n  can  pi-event  tim 
moisture  from  penetrating  into  a  wire  cable  and  causing  rapid 
oxidation. 

That  in  this,  as  in  all  like  discussions,  an  exaggerated  de- 
gree of  im]K>rtaucc  sbonld  Ijave  been  attached  to  the  oljjec- 
tiMUs  urgecl  on  eaeh  side  was  but  natural.  Experience,  how- 
ever, fieri ved  front  existing  works,  has  shown  that  each 
method  may  be  applied  witli  safety  to  struetnres  of  tlie 
Ixjidest  character,  and  that  wherever  failures  have  been  met 
with  in  eitlier  method,  they  were  attributable  to  those  faults 
uf  workmanghip,  or  to  defects  in  the  material  used,  which 
can  hardly  Ijc  anticipated  and  avoided  in  any  novel  applica- 
tirn  of  a  like  character.    Time  alone  can  definitively  decide 
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fipon  tlio  cnnnparative  merits  of  the  two  metboda,  and  how 
far  either  of  them  may  be  used  with  advantage  in  the  place 
of  Btructiircs  of  iriore  rigid  inateriaU* 

858.  The  chains  of  the  cables  may  be  formed  of  round, 
square,  or  flat  bars.  Chains  of  flat  bars  have  been  most 
generally  used  These  are  formed  in  long  links  which 
are  connected  hy  short  plates  and  bolts.  Each  link  consista 
of  several  bars  of  the  same  lengtli,  eacli  of  which  is  perforated 
with  a  hole  at  each  end  to  receive  the  connecting  bolts.  The 
bars  of  each  link  are  placed  side  by  side,  and  the  links  are 
connected  by  the  plates  which  form  a  ehort  link,  and  the  bolts. 

The  links  of  the  portirms  of  the  chain  which  rest  upon  the 
piers  may  either  be  bent,  or  else  be  made  shorter  than  the 
others  to  accornouidate  the  chain  U)  the  curved  form  of  tho 
Biirface  on  wdiirh  it  rests. 

659.  The  vertical  eusi>ension  bars  may  be  either  of  round 
or  square  bars.  They  are  usually  made  \^^th  one  or  more 
articulations,  to  admit  of  their  yielding  with  le^  etmin  to  the 
bar  to  any  motion  of  viijration  or  of  oscillation.  Thcv  may 
be  suspended  from  the  connecting  bolts  of  the  links,  but  the 
prefemble  method  is  to  attach  them  to  a  suitable  saddle-piece 
which  is  fitted  to  the  top  of  the  chain  and  thus  distributes  the 
strain  upon  the  bar  more  uniformly  over  the  bolts  and  links. 
The  lower  end  of  the  bar  is  suitably  arranged  to  connect  it 
with  the  part  suspended  f i-oni  it. 

660,  The  wire  cables  are  composed  of  wires  laid  side  by 
gide,  which  are  brouglit  tu  a  cylindrical  shape  and  confinea 
by  a  spiral  wrapping  of  wire.  To  form  the  cable  several 
eqtiabsized  ix>pes,  or  yarns,  are  fii'st  made.  This  may  be 
dv/ue  hy  cutting  all  the  wires  of  the  length  required  for  the 
yarn,  or  by  uniting  end  to  end  the  requisite  number  of  wii'es 
fur  the  yarn,  and  then  winding  them  around  two  pieces  of 
wrouglit  or  of  cast  iron,  of  a  hoi'se-shoe  shapi',  with  a  suitable 
gorge  to  receive  the  wires,  which  are  placed  as  far  asunder 
as  the  required  length  of  the  yarn.  The  yarn  is  firmly 
attached  at  its  two  ends  to  the  iron  pieces,  or  crupperay  and 
the  wir-es  ai-e  temporarily  confined  at  intermediate  points  by 
a  spiral  lashing  of  wire.  Whichever  of  the  two  methods  be 
adtjpted,  gi^mt  care  raubt  be  taken  to  give  t<"j  every  wire  of  tJie 
vara  the  same  deojree  of  tension  by  a  suitable  mechanism, 
fhe  cable  is  completed  after  the  yarns  are  placed  upun  the 
piei-s  and  secured  to  the  anchoring  ropes  or  chains ;  for  thii 
purpose  the  temporary  lashings  of  the  yarns  are  und(»ne,  and 
all  the  yarns  are  united  and  brought  to  a  cylindrical  shape 
and  seimred  throughout  tlie  extent  of  the  cable,  to  within  i 
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lihort  distance  of  each  pier,  bj  a  continuood  spiral  lashing  ol 
wire. 

The  part  of  the  cable  which  rests  upon  the  pier  is  not 
bound  with  wire,  but  is  spread  over  the  saddle-piece  with  a 
iiniforra  thickness, 

68L  The  auspensiou  ropes  ai-e  formed  in  the  same  way  ns 
the  cables;  they  are  usually  arranged  with  a  lof)p  at  each  end, 
f tinned  around  an  iron  crupjier,  to  connect  them  with  the 
cables,  to  wliich  they  are  attached,  and  to  tiie  parts  of  the 
structure  susjieiided  from  them  by  suitable  saddle-pieces. 

682,  To  secure  the  cables  from  oxidation  the  iron  wires  are 
coated  with  varnish  before  they  are  made  into  yani^,  and 
after  the  cables  ai-e  completed  they  are  either  coated  with  the 
usual  paints  for  aecifrin^  iron  fix>m  the  eflfects  of  moisture,  or 
else  covered  with  some  impermeable  loatenal. 

663.  Piers,  These  are  commonly  masses  of  masonry  in  the 
shape  of  jiillars,  or  col unniBj  that  rest  on  a  eornmon  foundation, 
and  arc  usually  eunuected  at  the  top.     The  form  given  to  the 

flier,  wholly  of  stone,  will  depend  in  some  respects  on  the 
ocality.  Generally  it  is  that  of  the  architectural  monnmcnt 
kiiMwn  as  the  Triump/ial  Arch ,  an  arched  opening  being 
formed  in  the  centre  of  the  mass  for  the  roadway,  and  some- 
times two  othoi-B  of  smaller  dimensions,  on  each  side  of  the 
main  one,  for  approaches  to  the  footpatlis  of  the  bridge. 

Piers  of  a  eouiniiiar,  or  of  an  obelisk  form,  have  in  some 
imtances  been  tried.  They  have  generally  been  found  to  be 
wanting  in  stiflFncss,  being  aubjeiit  ti>  vibrations  from  the 
action  of  the  cliains  upon  them,  which  in  turn,  from  the  re- 
ciprocal action  upon  the  ehains,  tends  very  much  to  increase 
the  amplitude  ot  the  vibrations  of  the  latter.  These  effects 
have  been  observed  to  be  the  more  sensible  as  the  columnar 
piers  are  the  higher  and  more  slender. 

Cast-iron  piers,  in  the  form  of  columns  connected  at  top  by 
an  entablature,  have  been  tried  withsnccesgj  as  also  have  wen 
columnar  piers  of  the  same  material  so  arranged,  with  a  juint 
at  their  base,  that  tiiey  can  receive  a  pendulous  motion  at  top 
to  accomniodate  any  increase  of  tension  upon  either  branch 
of  the  chain  resting  on  them. 

The  dimensions  of  piers  w^il)  dej>end  upon  their  height  and 
the  Btrain  upon  them.  When  built  of  stone,  the  masonry 
should  bo  very  carefully  constr acted  of  large  blocks  well 
bonded,  and  tied  by  metal  cramps.  Tlie  height  of  the  pierp 
will  depend  mostly  on  the  locality.  When  of  the  usual  formei 
they  should  at  least  bo  high  enough  to  admit  tlie  passage  of 
vehicles  under  the  arched  way  af  the  road. 
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6S4,  Abutments.  The  forms  anddiraensknie  of  the  abut- 
ments will  depend  upcm  the  iiiaTiiier  in  which  they  may  be 
uoiiriected  with  the  chains.  When  the  locality  will  admit  oif  the 
chaiiiB  being  anchored  without  deflecting  them  vertically,  the 
almtmenls  may  be  f(»rmed  of  any  heavy  mass  of  rough 
masonry,  which,  from  its  weight,  and  the  manner  hi  which  it 
IB  imbedded,  have  hutlicient  strength  to  resist  the  tension  in 
the  direction  of  the  chain.  If  it  is  found  necessary  to  deflect 
the  chains  vertically  to  secure  a  ^^ood  anchoring  point,  it  will 
also  generally  be  necessary  to  build  a  mass  of  masonry  of  an 
aix^hed  form  at  the  point  whei*e  the  deflection  takes  place, 
whicli,  to  present  sufficient  strent^th  to  resist  the  pressure 
caused  by  the  resultant  of  tlie  tension  on  the  two  branches  of 
the  chain  J  should  be  made  of  heaNy  blocks  of  cut  stone  w'ell 
bonded.  If  the  abutments  are  not  too  far  from  the  founda- 
tions of  tlie  piers,  it  will  be  well  to  connect  the  two,  in  order 
to  give  additional  resistance  to  the  anchoring  points. 

665.  Moin  Chains,  etc  The  suspending  curves,  or  arches, 
may  be  made  of  chains  formed  of  Jiat  or  round  irony  or  may 
consist  of  wire  oJjUs  constructed  in  the  usual  maimer. 

The  main  chains  of  the  earlier  suspension  bridges  were 
formed  of  long  links  of  round  iron  made  in  the  usual  w^ay  ; 
but,  independently  of  the  greater  expense  of  these  chains, 
they  were  found  to  be  liable  to  defects  of  weldings  and  the 
links,  when  lung,  were  apt  to  become  misshapen  unaer  a  great 
strain,  and  required  to  l»e  stayed  to  presence  their  form. 
Chains  formed  of  long  links  of  ffat  baj-s,  usually  connected  by 
shorter  ones,  as  eoujiling  links,  have  on  these  accounts  super- 
seded tliose  of  the  ordiiiary  oval-shaped  links. 

The  breadth  uf  the  cliains  has  generally  been  made  uniform, 
but  in  some  bridges  erected  in  England  by  Mr,  Dredge,  the 
cliains  are  made  to  increai?e  uniforndy  in  breadth,  by  increas- 
ing the  number  of  bars  in  a  link,  from  the  centre  to  tlie  points 
of  suBjveutiiom  In  addition  to  tliis  change  in  the  fonn  of  the 
main  chains,  Mr.  Dredge  places  the  snspendhig  chains  in  a 
vertical  plane  parallel  to  the  axis  of  the  bridge,  out  obliquely 
to  the  horizon,  inclining  each  w^iy  from  the  points  of  suspcn- 
won  towards  the  centre  of  the  curve.  This  system  has  never 
come  into  general  use.  At  the  present  day  neai4y  all  cables 
uf  suspension  bridges  are  made  of  wire. 

Some  of  the  links  of  the  main  chains  should  be  arranged 
with  adjusting  screws,  or  with  keys,  to  bring  the  chains  to  the 
pr^iper  degree  of  curvature  when  set  up. 

The  cliains  may  either  be  attached  to,  or  pass  over  a  mo 
rable  cafit-irou  saddle,  seated  on  rollers  on  the  top  of  the  piers, 
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allAlnfid  bj  ttfdiiiiig  tfka  dMiai  to  m  pendcilfiiii  Ult  invaded 

frooi  the  top  of  tli0  pier. 

The  dmitm  mm  nnaly  eotmeeted  with  the  ebalniciiiit  by 
being  etteehed  ta  eodsoring  tneiici  of  catt  wm^  ernu^ed  tn 
m  ■itiuble  raeaoer  to  recetve  and  eecare  the  esdt  of  the 
efaeiiit,  whidi  ete  eefefulljr  imbedded  in  the  mnoiinr  of  the 
ftbvliiientib  Theie  pointi^  when  under  gmood,  iboold  be  tc 
|4eoed  that  thejr  can  be  Titited  and  eiamtried  from  ttme  to 
tune. 

008.  Stuq^eodini^-Chaitia.  TheeoipeiidiniP'Podaiorcfaauiai 
ihoald  be  attached  to  sach  points  of  toe  mabi  cbaami  and  the 
Toadwav-bearen.  ai  to  dbtribote  the  load  nniformlj  over  the 
main  cnaiiuif  ana  to  prei^eut  tbetr  being  broken  or  twisted  off 
by  the  mcilULiUrtm  ut  Ibc  bridge  from  winds,  or  mo^-able 
loadi.  Tlie>'  shrjald  be  ccmneeUsd  bj  iaitablv-arratiffed  ar> 
ticnlatioDs,  with  a  saddle  piece  bearing  npon  the  bacK  of  the 
nukiii  chain,  and  at  bcjttotn  with  the  stump  that  embm^es  the 
roadwaj'bearers. 

The  siispending-chainfi  are  nanally  hnng  rerticalljr.  In 
some  remnt  bridges  tliey  have  been  incUnra  inward  to  give 
moru  stitTiiciM  to  tne  system* 

661,  Hoadway.  TmiusverKal  road wav-b^^ere are  attached 
to  tlie  sUHponrliitg-chainn,  tj[x>ti  which  a  flooring  of  tiiiilier  is 
laid  for  tlie  rcti^wny.  The  n*adway  bearew,  in  8<>me  in- 
stance^,  have  Ijeen  inade  of  wruught  iron,  but  timber  in  now 
generally  preferred  f<ir  the«o  pieces.  Diagonal  ties  of 
wrought  iron  nm  placed  horizi>ii tally  betweeti  the  roadway- 
bearers  Ut  hnico  the  f rame^worlc 

The  panipct  may  he  funned  in  the  iistial  Btyle  either  of 
wrou^'ht  iron,  or  of  timber,  or  of  a  c<>mbinatiuii  of  cast  iron 
iin<l  tlmlM'r.  Timber  alone^  or  in  combination  with  cast  iron, 
is  now  preferred  for  the  pHrH|»ct8;  as  fibservation  has  shown 
that  the  stiffnttHft  j^iven  to  the  roadwa.  by  a  stront^ly-trussed 
ttmbcr  parapet  limits  tho  amplitude  of  the  undulations  caused 
by  violent  windM,  and  ii^ecures  the  structure  from  ilauger. 

In  m»me  of  the  m<irc  recent  suHpeiihion  bridges,  a  trussed 
fruifje,  similur  to  the  parapet^  has  boon  continued  below  the 
level  of  the  madway,  bir  tlie  pnrpose  of  giving  greater  se- 
curitv  U*  the  Hiriicture  against  the  Hction  of  high  wmds* 

Wlien  the  roadwiiy  ib  above  the  chaii»B^  any  requisite  num» 
her  of  single  chain*  may  be  pUicod  for  it^  supixirt.  Framei 
formed  of  vortical  beams  or  timber,  or  of  ootumus  of  east 
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iron  united  by  diagi>nal  braces,  i-est  upon  tlie  cliaiiis,  and  sup 
Diwi  tlie  roadwaj-bearere  placed  either  ti-ansversely  ui 
longitudinally. 

668.  Vibrations.  The  nndulatorT  or  vibi^atory  motiong  oi 
siiq>ensinn  l)ridt^es,  cansed  by  the  action  of  high  winds,  or 
moval>le  loads,  should  be  reduced  to  the  smallest  practicable 
amount,  by  a  suitable  arrangement  of  bracing  tor  the  rt»ad- 
wu}  -timbers  and  parapet,  and  liv  chain-f^tays  attached  to  the 
roadway  and  to  the  basements  ol  the  piers,  or  to  fixed  points 
on  the  banks  whenever  they  can  be  obtained. 

Calculation  and  experience  show  that  the  vibrations  caused 
by  a  movable  load  decrease  in  amplitude  as  the  span  in- 
creases, and,  for  tlie  same  span,  as  the  versed  sine  decreasea 
The  heavier  the  rtjadway,  also,  all  other  things  l>eing  the  same, 
the  smaller  will  be  tlie  amplitude  of  the  vibrations  caused  by 
A  movable  load,  and  tlie  less  will  be  their  effect  in  changing 
the  form  of  the  bridge. 

The  vibrations  caused  by  a  movable  load  seldom  affect  the 
bridge  in  a  hurtful  degree,  o%vin^  to  the  elasticity  of  the 
system,  unless  they  recur  periodically,  as  in  the  passage  of  a 
b^xly  of  soldiers  \vith  a  cadenced  march.  Serious  accidents 
have  been  ticcasioned  in  this  way;  also  by  the  passage  of  cat- 
tle, and  by  the  sudden  rush  of  a  crowd  fnnn  one  side  of  the 
bridge  to  the  other.  Injuries  of  this  character  can  only  be 
guanled  against  by  apr<:>i^r  system  of  police  regulations. 

Chain-stays  may  either  be  attached  to  some  point  of  the 
roadway  and  to  fixed  p>iuta  beneath  it,  or  else  they  may  be  in 
the  form  of  a  reversed  curve  below  the  roadway.  The  former 
is  the  more  efficacious,  but  it  causes  the  bridge  to  bend  in  a 
disagreeable  manner  at  the  point  w*here  the  stay  is  attached, 
when  the  action  of  a  movable  load  causes  the  main  chains  to 
rise*  The  more  oblique  the  stays,  the  longer,  more  expensive, 
and  less  effective  they  become.  Stays  in  the  fonii  of  k  re- 
versed curve  preserve  oetter  the  shape  of  the  mad  way  nnder 
the  action  of  a  movable  load,  but  they  are  less  effective  in 
preventing  vibmtions  than  tlie  simple  stay.  Neither  of  these 
ineth<^Kis  is  very  serviceable,  except  in  narrow  spans.  In  wide 
spans,  van'ations  of  temperature  cause  considerable  changes 
in  the  length  of  the  stays,  which  makes  them  act  unequally 
niKni  the  roadway ;  this  is  particularly  the  case  with  the  re- 
versed curve.  Both  kinds  shcnild  be  armnged  with  adjusting 
•crews,  to  accommodate  their  length  to  the  more  extreme 
variations  of  temperature. 

Engineers  at  pmsent  generally  ^ree  that  the  most  efEca- 
eioud  means  of  limiting  the  amplitude,  and  the  consequent 
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InjiiriouB  effects  of  undulations,  consiBts  in  a  strong  combinfik 
tion  of  the  roail  way- timbers  and  flf>oring,  stiffened  hy  a  trns&od 
parapet  of  timber  above  the  rf»adway,  and  in  some  CEBes  in 
extendini?  the  framework  tjf  the  parajiet  beh^w  it.  These 
combinations  present,  in  appearanee  and  reah^.y,  two  or  more 
open-biiilt  beams,  as  drenmstan^^es  may  demand,  placed  paral- 
lel to  each  otlier,  and  strongly  connected  and  braced  by  tlie 
framework  of  the  roadway,  which  are  euppurtcd  at  inter* 
mediate  points  by  the  suspending  rmls  or  chains.  The 
method  ot  pbieing  the  roadway-frannng  at  the  eeiitral  line  of 
the  open-bnilt  beams,  presents  the  advantage  of  intr<.*ducing 
Tertical  diagoiial  braces,  or  ties,  betw*een  the  beams  beneath 
the  I'oad way-frame.  The  main  < objections  to  these  combina- 
tions is  the  increased  tension  thrown  upon  the  chains  from 
the  gi-eater  weight  of  the  framework.  fhiB  inereaee  of  ten- 
fiion,  however,  provided  it  be  kept  within  pri>per  limits,  so  far 
from  being  injurious,  adds  to  the  stability  and  security  of  the 
bridge,  both  from  the  effects  of  uudulaticnis  and  of  vibrar 
tiona  fi'om  shocks. 

Ae  a  farther  security  to  the  stability  of  the  strncture,  the 
framework  of  the  rt>adway  should  be  firmly  attached  at  the 
two  extremities  to  the  basements  c^f  the  piei-s. 

669.  Preservative  Means.  To  i>reserve  the  cbaiiis  from 
oxidation  on  the  fiurface,  and  from  rain  or  dews  whicli  may 
lotlge  in  the  articulations,  they  aliould  receive  several  c^»at8  of. 
minium,  or  of  some  other  |U'epamtion  impervious  to  water, 
and  tliiB  should  be  renewed  from  time  to  time,  and  the  forms 
of  al!  the  partB  should  be  the  most  suitable  to  allow  the  free 
escaiie  of  moisture. 

Wires  for  cables  can  be  preserved  from  oxidation,  until  they 
are  made  into  nmes,  by  keeping  them  immersed  in  some  alka- 
line solution.  Before  making  them  into  ropes,  they  should 
be  dipped  several  times  in  IxJiling  linseed  oil,  prepared   by 

f>revionsly  boiling  it  with  a  small  portion  of  litharge  and 
ampblaclk.  The  cables  should  receive  a  thick  coating  of  the 
same  preparation  before  they  ai"e  put  up,  and  finally  be 
painted  with  whitedead  painty  both  as  a  preservative  means, 
and  to  6lu>w  any  incipient  oxidation^  as  the  rust  will  be  de- 
tected by  its  discoloring  the  paint. 

670.  Prooflg  of  Suspension  Bridges,  l^^rom  the  manv 
grave  accidents,  jiccompauied  by  serious  loss  of  Hie,  whicn 
Have  taken  place  in  suspensi<m  bridges,  it  is  highly  desirable 
that  some  trial-proof  slum  Id  be  made  before  opening  such 
bridges  to  the  public,  and  that,  moreover,  strict  jRtlice  regu- 
lations should  be  adopted  and  euf  orced,  with  respect  to  them 
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to  ^ard  anrainst  tie  recnrrenceof  such  disaster-B  as  have  seve- 
ral tiuiL's  taken  place  in  Englandj  from  the  ai^scniblagje  of  a 
'irowrl  upon  the  bridge.  In  France,  and  oi.  the  cmitinenl 
generally,  where  one  of  the  important  duties  uf  the  pnblie 
|K>licc  is  to  watch  over  the  safety  of  life,  under  Bneh  circnm- 
etances,  regulations  of  this  character  are  rigidly  enforced. 
The  trial-i>roof  enacted  in  France  for  Bospension  bridges,  be- 
fore they  are  thn>wn  open  for  travel,  is  about  40  lbs.  to  each 
BUperticial  fcwt  of  roadway  in  addition  to  the  permanent 
weight  of  the  bridge.  This  proof  is  at  first  reduced  to  one- 
haltj  in  order'  not  to  injure  the  masonry  of  the  points  of  sup- 

(>ort  during  the  green  condition  of  the  moi-tar.  It  is  made 
>y  distributing  over  the  road  surface  anv  convenient  weighty 
material,  as  bricks,  pigs  of  iron,  bags  or  earth,  etc.  Besldea 
this  after-trialj  each  element  of  the  main  chains  should  be 
subjected  to  a  special  proof  to  prevent  tlie  introdnetionof  im- 
eound  parts  into  the  system.  This  precantittn  will  not  be 
necessary  for  the  wire  of  a  cable,  as  the  process  oi  drawing 
alone  is  a  g^xwl  test  Some  of  the  coils  tested  wilt  be  a  guar- 
antee for  the  whole. 

From  experiments  made  at  Geneva,  by  Colonel  Dnfonr,  one 
of  the  earliest  and  most  successful  constructors  of  susjiension 
bridges  on  the  Continent,  it  appears  that  wruuglit  bar  iron 
can  sustain,  withoiit  danger  of  rnptnre,  a  shock  arising  from 
a  weight  of  44  lbs.,  raised  to  a  height  of  S.2S  feet  on  each 
.0015dtiis  of  an  inch  of  cross-section,  when  the  bar  is  strained 
by  a  weight  equal  to  one-third  of  its  breaking  weight :  and  he 
concludes  that  no  apprehension  need  be  entertained  of  injury 
to  a  bridge  from  shocks  caused  by  the  ordinary  transit  upon 
it,  which  lias  been  subjected  to  the  usual  trial  of  a  deml  weight ; 
and  that  the  safety,  in  this  respect,  is  the  greater  as  the  bridge 
is  longer,  since  the  ehisticity  of  the  system  is  the  beat  pre- 
servative from  accidents  due  to  such  causes.  Mn  Whoeler, 
an  engineer  in  Germany,  concluded,  after  a  long  series  of 
carefully  conducted  experiments,  that  good  wrought  iron 
would  sustain  any  number  of  continuous  sht^cks,  provided 
that  jt  was  in  no  case  strained  more  than  10,000  pijtmds  per 
square  inc4i  of  section. 

67L  Durability,  Time  is  the  true  test  of  the  dui-ability 
of  the  structures  under  consideration.  So  far  as  experience 
goes  there  seems  to  be  no  reason  to  assign  less  dnralulity  to 
Buspension  than  to  cast-iron  or  even  stone  bridges,  if  their  re- 
pairs and  the  proper  means  of  preserving  them  from  decay 
are  attended  Uk  Doubta  have  lieen  expressed  as  to  the  dura- 
bility of  wire  cables,  but  these  seem  to  have  been  set  at  resf 
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l>y  the  triale  and  examinationB  to  which  a  bridge  of  this  kind 
cn*j'tG(i  by  Colonel  Dufour,  at  Geneva,  was  suTijectcvl  !>y  hirri 
after  twenty  years'  service.  It  waa  found  that  the  undiilation0 
were  grentrr  tlian  when  the  bridge  was  first  erecteil,  owin^  tc 
the  shrinking  of  the  roadway-frame;  but  the  main  cames, 
and  fiuepcTuling-ropea,  even  at  the  kxips  in  contact  with  the 
timber,  provrrt  to  be  as  snand  jib  wlien  first  put  up,  and  free 
from  oxidation  ;  and  tlie  whole  bridge  stood  another  very 
severe  proof  without  injury. 

The  folh)vvirj|,^  snet^inct  descriptions  of  tlie  principal  ele- 
nientfi  of  Bome  of  the  most  celebrated  suspension  bridges  of 
chains,  and  wire  eable-s,  of  remarkable  span,  are  taken  fmn: 
various  published  accounts. 

672.  Bridge  over  the  Tviieed  near  Beriviok.  Tliis  is  the 
fmt  large  suspension  bridge  erccte<l  in  Great  Britain,  It 
was  constructed  niion  the  plans  of  Oaj}L  Brown^  who  took 
out  a  patent  for  the  principles  of  its  construction. 

Sjian 449  feet 

V  ersed  sine 30    ** 

Number  of  main-chains  12,  six  being  placed  on  each  side  of 

the  roadway,  in  three  ranges  of  two  cliains  each,  above 

each  other. 

The  chains  are  composed  of  long  links  of  round  iron,  !j 
inches  in  diameter,  and  are  15  feet  lung.  They  arc  tronncctcil 
bv  Cdupliui^-links  of  j'ound  iron,  \\  iudi  diameter,  and 
abotit  7  inclies  long,  by  means  of  coupling  bolts. 

The  roadway  is  borne  by  suspending- rods  of  round  iron, 
which  are  attached  alternately  to  the  ihrce  ranges  of  chains. 
The  road  way -hearers  are  of  timber,  and  are  laid  upon  longi' 
tudinal  biin^  of  wrtujglit  iron,  which  are  attached  to  the  sus 
pens  i*jn -rods. 

673.  Menal  Bridge,  erected  after  the  designs  of  Jfn  Td 
ford.     Opened  in  1826. 

Span 579.8  feet 

Yorsed  sine. . . . . , , ...     43       ** 

Number  of  main-chains  16,  arranged  in  seta  of  4  each,  ver- 
tically al>ove  each  other. 

Number  of  bars  in  each  link,  5, 

Length  of  links,  10  feet. 

Ureadth  of  each  bar,  3^  inches  ;  depth,  1  inch. 

Coupling-  inks,    10  inches  long,  8  inchea  broad,  and  1  inch 
deep. 

Coupling-!»oltB.  3  inches  in  diameter. 

Total  area  of  croaa  section  cf  the  main-chain,    260  equarf 
inches 
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The  main-cliairis  are  fastened  to  their  ahntinents  By  an- 
uhoring-bolts  9  feet  long  aud  6  indies  in  diameter,  which  are 
&eeureu  in  cast  iron  grcjc»ves.  The  abutments,  which  are  un- 
dergixjimd^and  i-eacdied  by  suitable  tunnels,  are  the  solid  mck. 

Upon  the  tojm  of  the  piers  are  cast-in>n  saddles,  npon 
whiJh  the  maiii-ehains  rest.  The  base  of  the  saddle,  which 
is  fitted  with  grooves  to  receive  them,  re^ta  upon  iron  i*ollers 
placed  on  a  convex  cylindrical  bed  of  cast  iron,  shaped  like 
the  bottom  of  the  base  of  the  saddle,  to  admit  of  a  slight 
displacement  of  the  chains  from  movable  loads  or  changes 
of  temperatm-e. 

The  roadway  is  divided  into  two  carriage-ways,  each  13 
feet  wide,  and  a  footpath  4  feet  w*ide  between  thenu  The 
roadway*framing  consists  of  444  wronght-iron  roadway- 
bearers,  3^  mches  deep  and  i  inch  thick,  which  ai^  sup- 
ported at  tlie  centre  points  of  each  of  the  carriage-ways  by 
an  inverted  trnse,  consisting  of  two  bent  iron  ties  which  sup- 
port a  vertical  bar  placed  under  the  roadway-bars  at  the 
points  just  mentioned.  The  platform  of  the  i*oadway  is 
rormed  of  two  thicknesses  of  plank.  The  first,  3  inches  tliick, 
is  laid  on  the  i^oadway-bearers  and  fastened  to  them.  This 
is  covered  by  a  ct>ating  of  patent  felt  Foaked  in  Ixdling  tan 
The  second  is  two  inches  thick  and  spiked  tci  the  tij'st. 

The  roadway  is  suspended  by  articulated  rtMls  attiiclied  to 
stirrups  on  the  roadway-bearers  aud  to  the  eonpling-bolts  of 
the  main -chains. 

The  piers  are  152  feet  higli  alxive  tlie  high-water  le^^eL 
They  have  an  arched  opening  leadiitg  to  the  roadway,  and' 
the  masses  on  the  sides  of  the  arch  are  built  hollow,  with  a 
cro^-ti£  partition  wall  between  the  exterior  main  walls. 

The  parapet  is  of  wronght-iron  vertical  aud  parallel  bars 
connected  by  a  network. 

This  bridge  was  seriously  iniured  by  a  violent  gale,  which 
gave  so  great  an  oscillation  to  the  main-chains  that  they  were 
dashed  against  each  other,  and  the  rivet-heads  of  the  bolts 
were  brolken  off.  To  provide  against  similar  accidents,  a 
framework  of  east-iron  tubea,  connected  by  diagtmal  pieces, 
was  fastened  at  intervals  between  the  main-chains,  by  cross- 
ties  of  wrought-iron  rods,  w^hich  passed  thmugh  the  tubes, 
and  wei-e  fijmly  connected  with  the  exterifir  cliains.  Subse- 
quently to  this  addition,  a  number  of  strong  timber  roadway- 
bearers  were  fastened  at  intervals  to  those  of  iron,  as  tho 
iron  roadway-bearei*s  were  found  to  have  been  bent,  and  in 
some  instances  broken,  by  the  imdulatory  motion  of  th« 
bridge  in  heavy  gales. 
U 
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The  tota]  ^tispetiditig  weight  of  thk  briigBi  iiicliidiiig  tbt 
mnin^hiUQA,  n4dwaj,  and  all  accefisories,  is  slated  at  64S 
tons  15^  cwt 

674.  The  Pribourgf  Bridge  of  wire  thrown  aeroea  the 
ralley  of  the  Sarine,  opposite  Fribourg,  was  erected  in  18SS| 
bj  M*  ChaU}/^  a  French  engineer. 

Span, , 870.33  feet 

Versed  sine,...,... 63J6     " 

There  are  4  main  cables,  2  on  eaei  side  of  the  road,  of 
the  same  elevation,  and  aboat  1^  inch  asunder.  Each  cable 
b  composed  of  1056  wires,  each  about  0.118  inch  in  diameter, 
which  are  firmly  connected  and  brooght  to  cylindrical  slmpe 
by  a  spiral  wire  wrapping.  The  diameter  of  the  cable  vanes 
from  5  to  5^  inches*  The  cables  pass  over  d  fixed  pulleys  on 
the  tr»p  of  the  piers,  upon  which  they  are  spread  out  without 
h'gatnres,  and  are  each  attached  to  two  other  cables  of  half 
their  diameter,  which  are  anclmred  at  some  distance  from  the 
piers,  in  vertical  pita,  pa.s^iug  over  a  fixed  pulley  where  they 
enter  the  mouth  of  the  pit. 

The  suspending-ropes  are  of  wire  a  size  smaller  than  that 
u&ed  fur  the  cables.  Their  diameter  is  nearly  one  inch.  They 
are  formed  with  a  loop  at  each  end,  fastened  around  a  crup- 
por-shapcd  piece  of  cast  iron,  that  forms  an  eye  to  connect 
tlie  rope  M'iUi  the  hcx)k  of  the  stirrup  affixed  to  the  nmdway- 
bearei^s,  and  to  a  saddle-piece  of  wrought  iron,  for  each  rope, 
that  rests  on  the  two  main  cables. 

Tlie  roadway-beai-er-s  are  of  timber,  being  deeper  in  the 
centre  ttian  at  the  two  ends,  the  top  surface  being  curved  to 
couform  to  a  slight  trausvoree  curvatuiie  ^iven  tfj  tbetsurface 
of  the  carriage-way ;  they  are  placed  about  5  feet  between 
their  centre  lines,  every  fourth  one  projecting  about  3  feet 
beyond  the  eiids  of  the  others,  to  receive  an  otmqne  wTOUght- 
iron  stay  to  maintain  the  parapet  in  its  vertical  pjsitiniu  xl^e 
carriage-way,  which  la  about  15 J  feet  wide,  is  formed  of  two 
thicknesses  of  plank.  The  foot-paths,  which  are  0  feet  wide, 
are  raised  above  the  surface  or  the  carriage-way,  and  rest 
11  nun  lougitudinul  beams  of  large  dimensions,  the  inner  one  of 
which  is  firmly  secured  to  the  roadway-bearers  by  stirrtips 
which  embrace  thciu,  and  the  exterior  one  is  fastened  to  the 
same  pieces  by  lung  screw-bolts,  wliich  pass  thmugh  the  top 
mil  of  the  parapet.  The  r<:»adway  has  a  slight  curvature  frnni 
the  centre  to  the  two  extremities,  along  the  axis,  the  centre 
point  being  from  18  inches  to  about  3  iFeet  higher  than  the 
ends,  accorduig  to  the  variations  of  temperatm*e.    The  main 
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rubles  at  the  centre  are  brought  down  nearly  in  contact  with 
the  roadway-timbers. 

Tho  parapet  is  an  open-bnilt  beam,  conaisting  of  a  top  rail, 
the  bottom  mil  being  the  loiigitudiual  exterior  beam  of  the 
footpath,  and  of  diagonal  piet-es  which  are  niortiBed  into  the 
two  rails ;  the  whole  being  secured  by  the  iron  1k>1u  tlmt 
pass  through  the  ixjadwaj-bcarers  ani  the  top  rail.  This 
conibniatiou  oi  the  parapet  with  the  inclination  towards  the 
axis  of  the  roadwaj  given  to  the  Buspending-nipes,  gives  great 
BtifFnese  to  the  roadway  and  counteracts  both  lateral  oscilla- 
tions and  loDgitndtnal  undidations. 

Tbe  piers  consist  of  two  pillars  of  solid  masonry,  abont  66 
feet  high  above  the  level  of  the  roadway,  which  are  united,  at 
about  33  feet  above  the  same  level,  by  a  full  centime  arch, 
having  a  span  of  nearly  20  feet,  and  which  forras  the  top  of 
the  n^atewav  leading:  to  the  bndtfo. 

675,  Hungerford  and  Ijambeth  Bridge,  erected  over  the 
Thames,  u|>on  the  plans  of  ilr.  Brunei. 

This  bridge,  designed  for  focjt-passengcra  only,  baa  the 
widest  span  of  any  chain  bridge  erected  up  to  this  period. 

Span. 676i  feet 

Versed  sine 50      " 

The  main  chains  are  4  in  number,  two  being  placed  on 

each  side  of  the  bridge,  one  above  the  other.  These  chains 
ai^  formed  entirely  of  long  links  of  flat  bare ;  the  links  near 
the  centre  of  the  curve  having  alternutcly  ten  and  eleven  bai*3 
in  each,  and  tJiose  near  the  piers  alternately  eleven  and  twelve 
bare.  The  bars  are  24  feet  long,  7  inches  in  depth,  and  1  inch 
thick.  They  are  connected  by  coupling-b*>lts,  4f  inches  in 
diameter,  which  are  secured  at  each  end  l)y  cast-iron  nuts,  8 
inches  in  diameter,  and  2f  inches  I  hick.  The  extremity  of 
each  chain  is  connected  with  a  cast-iron  saddle-piece,  by  bolts 
whit^h  pass  through  the  vertical  ribs  of  the  etuidle-piece,  of 
which  there  are  15.  The  bottom  of  the  saddle  rests  on  50 
friction-rollers,  which  are  laid  on  a  firm  horizontal  bed  of  cast- 
iron.  The  saddle  can  move  18  inches  horizontally,  either  way 
from  the  centre,  and  thus  compensate  for  any  inequality  of 
strain  on  the  main  chains,  either  from  a  load,  or  from  vari- 
atioTiS  of  temperature. 

The  side  main>chains  are  attached  in  like  manner  to  the  sad- 
dle, and  anchored  at  the  other  extremity  in  an  abutment  of 
brickwork.  The  anchorage  (Fig.  1^3)  is  ai ranged  by  passing 
the  chains  through  a  strCng  cast-iron  plate,  and  securmg  the 
•lids  of  the  bara  by  keys.     The  anchcnng-plate  is  retained  in 


an 


oitup  wifomKEBma, 


ItA  plaae  by  two  strong  cast-iroa  beams,  agaliiBt  which  the 
fttmiu  upon  the  plate  is  tbiown. 


llK.  m    flbowi  tba  mamam  l»  «)Ueli  tUt 
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Xba  f  usponding-rods  (Fig.  194)  are  connected  with  both  the 
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uon   M  and  crmt    ncctiaa 
N    of   the    oobi>e>ctiuD    tw- 
tmvea     tbe      utAiimsbkiM 
■ad  mttpebdlnc-rod*. 
4,  o,  Q»prr  malQ-chitltL 
^  6,  julnt  of  lovrr  main 

obftin. 
40^  iiupendtnir-rod  wllb  i, 
f  orlMd  bead  lo  nwelvs  tlM 
pl&M  ({,  boof  bf  «tlrTup> 
•tnir«  «  and^  roapvt^v^ 
ly^  to  ttui  oouplln^  U»U  of 
the  Unkia  and  t/j  the  two 
bolta  ^,  fastened  to  tba  iiad> 
dl«  A  on  l«p  of  tlM  D|ppir 
tDftlo-obaliiL, 


upper  and  lower  main-ebamB  ;  Uy  the  upper  by  a  saddle-piece 
aiiu  bolts,  and  to  tlie  coupling- holt  of  the  lower  by  an  arrange- 
ment of  articolatioita,  which  allows  an  easy  play  to  the  roos ; 
at  the  bottom  (Fig.  195)  they  are  connected  by  a  joint  with  a 
l>olt  that  fastens  nrmly  the  roadway-timbers. 

The  roadway-timbers  consiBtof  a  8tix>ng  longitudinal  bottom 
beam,  upon  wnicli  the  roadway-beard's  are  notdied  ;  these  last 
pieces  are  in  pairs,  the  two  being  so  far  apart  that  the  liolts  c*on- 
meeting  with  the  snap  en  ding-rods  by  a  forked  head  can  pass  be* 
tvreen  them  ;  the  flooring-plank  is  laid  upon  the  road  way- bear* 
oi-s  ;  and  a  top  longitudinal  beam,  which  fonns  the  bottom  rail 
of  the  parapet,  is  secuj-od  to  the  bottom  beam  by  the  con- 
necting IjoIL     Wrought-iron  diagonal  ties  are  placed  horizon 
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tally  below  the  flooring,  to  brace  the  whole  of  the  timbeiH  bo 

neath. 


\^ 


Tig.  Ifl&^ShcnrM  ma  edevfttioa  of  tlie  roadw^-tliiibecm, 

a,  bottom  longltBditiA]  bwau 

b,  df  roadwmf -beftien  tn  paira» 

c,  pUtfonn. 

d,  top  loQgitadlnAl  beAm  fonstng  ttie  bottom  fmQ  cf  Iba  pMft 

e,  bolt,  with  A  forked  head  to  reoetre  ttie  end!  of  the  nupendliif 
rodf  which  1b  kvjeA  be»e*th  *nd  feecam  tho  beaxius  etc 

0r,  wxtmgbt-lroii  borlzoatal  diagonal  tiee. 


Tlie  roadway  ib  14  feet  wide.  It  slopes  from  the  eentni 
point  alcmg  the  axis  to  the  extremities,  being  4  feet  higher  in 
the  centre  tJian  at  the  two  last  points. 

The  piers  are  in  the  form  of  towers,  resembling  the  Italian 
Ijelfry.  They  are  of  briek,  80  feet  high,  and  bo  eonstructed 
and  combined  with  the  top  saddles,  that  they  ha%"e  to  sustain 
no  other  strain  than  the  vertical  pressure  from  the  inain-chaing. 

The  %vhole  weight  of  the  etmcture,  with  an  additional  load 
of  WO  lbs.  per  square  foot  of  the  roadway,  would  throw  about 
IjOOO  tone  on  eacn  pier.  The  tension  on  the  chains  f rotn  this 
load  18  calculated  at  about  1,480  tons ;  while  the  strain  which 
they  can  bear  without  impairing  their  strength  is  about  5,000 
tons. 

676,  Monongahela  Wire  Bridge.  Tliis  bridge,  erected 
at  Pittsburgh,  Penn.,  upon  plans,  and  nnder  the  superintend- 
ence of  the  late  Mr.  Koebling,  has  8  bays,  varying  between 
188  and  190  feet  in  width.  It  is  one  of  the  more  recent  of 
these  structures  in  the  United  States, 

The  roadway  of  each  bay  is  supported  by  two  wire  cables, 
of  4^  inches  in  diameter,  and  by  diagc:>nal  stays  of  wire  rope, 
attached  to  the  same  point  of  suspension  as  the  cables,  and 
connecting  with  different  pointfi  of  the  roadway-timbers. 
The  ends  of  the  cables  of  eacli  bay  are  attached  to  pendulum- 
bars,  by  means  of  two  oblique  arms,  which  are  united  by 
joints  to  the  pendulum-bars.  These  bars  are  suspended  from 
the  top  of  4  cast-iron  columns,  inclining  inwards  at  top, 
which  are  there  finnly  united  to  each  other ;  and,  at  bottom, 
anchored  to  the  top  of  a  stcuie  pier  built  up  to  the  level  of 
the  roadway  timbers.  The  side  columns  of  each  frame 
are  ccoiiected  throaghout  by  an  open  lozenge- woik  of  east 
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iron.  The  frrml  oolmiiKis  ha^o  a  like  conitectkHii  tartog  • 
•itffieieut  lie%hr  of  notnge-wsy  for  feotppaneogm. 

Hie  ftwnework  ef  4  csolitmiii  an  eadi  lide  i»'  finnlr  eon 
iMMed  »l  tlie  tap  hj  ca^lAmn  hmuoBf  hi  the  form  of  &n'entab> 
latQ]^  A  camagC'Way  m  left  between  the  two  frames,  and  a 
focHpath  between  the  two  colamiia  forming  the  fronts  of  each 
fmtiie. 

Tlie  pointa  of  aiupeniiton  of  the  eablea  are  over  the  centre 
I  toe  of  the  footpaths ;  and  the  cables  are  inclitied  so  fmr  in- 
ward  that  tha  csentre  i>ottit  of  the  cnnre  is  attached  just  out- 
side of  the  CArriage-way.  The  saapending-rtipes  have  a  like 
inward  iiiclinHtion,thc*  object  in  both  csaos  Imiiig  to  a^id  stiff' 
nets  to  the  ayitem,  and  dirniiiiiih  lateral  oscillations. 

Tlie  Headway  convists  of  a  carriageway  22  feet  wide,  and 

two  fiffrti>&ihfK  ciu^h  5  feet  wide.    The  roadway-bearers  aie 

fd  beamii  in  pairs,  35  feet  long,  15  inches  deep,  and 

.  '-^  wido*     Tliey  are  attached  to  the  sngpendin^^- ropes* 

Uhe  tloorin^  (^iti«iiits  of  ^i^itjch  plank,  laid  lonmtiidinally 
over  the  entire  rf>arl way-snrf ace ;  and  of  a  second  thickness  of 
2^rii(ili  oak  plank  laid  tmn8ver»ely  over  the  carriage-way. 

The  parapet,  which  is  on  the  principle  of  Town's  lattice, 
extends  no  lar  below  the  n>adway-bearnrs  that  they  rest  and 
nre  nnUtfjed  on  the  lowest  ch*>rd  of  the  lattice,  A  second 
chonl  emhraccift  thfiiii  on  top,  and  finally  a  third  chord  com- 
plctt*«*  the  lattice  at  the  t  >p,  Tlie  obje^^t  of  adopting  this  form 
r»f  parapet  was  to  increase  the  resistance  of  tiie  roadway  to 
nnanlations. 

677.  Niagara  Railroad  and  Hlgh^v^y  StispenBion  Bridge. 
This  n'rnarkable  ntnu-tnre,  like  the  Aqueduct  en&pengion 
bridge  at  Pi tfplHirgh,  was  confttruftcd  by  Koebling;  and  for 
boldncsH  of  platu  and  ekiU  in  the  execntion  of  its  details, 
is  e\'ery  way  worthy  of  the  professional  ability  of  tbis  distin- 
gn lulled  engineer. 

I>t*«i^TJcJ  »r>  afford  a  passage- way  over  the  Nif^ra  river, 
both  for  I'ailroad  and  coiumon  road  traffic,  it  consists  essen 
tially  of  two  platforms  (Fig.  190),  one  above  the  other,  and 
shout  fif tc€m  reet  apart;  the  upper  serving  as  tho  railroad 
tracks  aiiil  the  lower  for  ordinary  vehiclcB  ;  tlie  two  being  ci*n- 
nect.e«l  bv  ri  lallii^e  j^inleron  eatrligide  ;  and  tlie  whole  bridge- 
frame  being  suH()ended  from  four  main  wire  ca}»le&,  two  of 
whti'Ji  are  f.otiiieeted  with  the  upper  platform,  and  two  with 
the  lower,  hy  fluspension-nidB  and  wire  ropes  attached  to  ih© 
road  way -liearers,  or  joists  of  tiie  platforms- 
Each  jilatform  consists  of  a  series  of  roadwray-hearem  itj 
pairs ;  the  lower  covered  by  two  thicknesses  of  fiix^ring-piaiik, 
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the  apper  bj  one  thickness ;  the  ijortion  erf  the  latter  irnme- 
diatefy  under  the  railroad  track  having  a  thickness  of  foui 
inchee,  and  the  remainder  on  each  side  but  two  inches. 


lis.  196— <]lrDM  KotioD  €^  KS«Bsn  Brldft^ 

A,  nflwaj  tnck  And  beuni.  C3,  liniper  mBtn  c»ble«. 

B*  kmer  platform  for  oominoa  rosd.  &^  ^pptr  main  cabloL 

IK,  pttmppt.  jt,  wroa^bMnni  braon* 

A,  low«>r  tfuxdncikj  bcaren,  9;  wooden  bntorm 
K',  upper  midwftj  beann^  o,  bMnw  of  UmfirttDdlnat  laflwBj  beams. 

B,  lower  floodng.  B,  lanffttndictal  bnMcea  betireen  roadwaj  taannk 
»*,  Bpper  Itocriitg.  " 


Bflon^diBal  br 
Wt  haSimtMl  nil  1 


The  lattice-girders  consist  >f  vertical  posts  in  paii-s,  the 
ends  of  which  are  clamped  between  the  roadway- bearers ; 
and  of  diagonal  wronght-iron  rods  with  screws  at  each  end, 
which  pass  throuffh  cast-iron  plates  fastened  above  the  road- 
way-bearers of  the  npper  platfonn,  and  below  those  of  the 
lower^  and  are  bronght  to  a  proper  bearing  by  nuts  on  each 
end.  A  horizontal  rail  of  timber  is  placed  between  the  poetf 
of  the  lattice  at  their  middle  points  to  prevent  flexore. 
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Ftff.  197— Ald«  «1«TtttioQ  of  NlBomni  Brldfiw 
A\  A^  enda  of  ro»dwaj  boaroiv^ 

11,  fxt^tii  in  palra. 

K,  mil  bKw*wn  po«t». 

T»  dumfuQKl  Iron  bnoc  roda> 

Trie  roadway-bearers  and  flooring  of  the  upper  platform 

are  eolidlj  damped  between  four  mlid  built  beams  or  gird- 
ers; two  above  the  flooring,  which  rest  on  cross  supports; 
and  two,  eoiToeponding  to  those  above,  below  the  n>adWay- 
bearers ;  the  upper  and  lower  correa pending  beams,  with 
longitudinal  bmces  in  pairs  between  the  roadway-bearers  and 
resting  on  the  lower  beams,  being  firmlv  connected  by  eerew- 
bolts.     The  rails  are  laid  upon  the  top  hearns. 

A  strong  parapet,  on  the  plan  of  Ilowe's  truss,  ia  placed  on 
eacli  side  of  the  upper  platrorni. 

Wn>ugbt-iroE  and  wooden  braces  connect  the  pt>st8  and  tlie 
two  platfoi-ras. 

The  piers  (Fig.  198)  consist  of  four  obelisk-s^liaped  pillars, 
which  are  sixty  feet  higli ;  the  base  of  each  being  a  square  of 
fifteen  feet  sides ;  and  the  top  one  of  eight  feet  sides.  The 
pedestal  of  each  pillar  is  a  sqnare  of  about  seventeen  feet 
side  at  top,  aud  having  a  batir  of  one  foot  vertically  to  one 
h:)rizontally,  or  -^i^j  on  each  of  its  faces.     Xhe  height  of  the 


eUfiPEKeiON   BHIDG 


Fig,  IflB^-Snd  «;«T«dea  of  plan  sod  wm 
iwediiff  vttli  of  brldgv. 

A,  atuJt  of  Uw  pl«r, 

B,  podwtal. 

1>,  ftrcbed  mj  tor  oubudoii  road. 


jiedestalB  on  the  United  States  side  of  the  river  being  twenty- 
eight  feet,  and  on  the  Canadian  side  eighteen  feet  An  arcri* 
wav  below  the  le%^el  of  the  railroad  connects  the  two  pedestals. 

'the  raain  cables  pass  over  saddles  placed  on  rollere,  on 
the  t<^ps  of  the  piers,  and  they  are  fastened  at  their  ends 
(Fi^,  W9)  to  chains  formed  of  links  of  wronght-iron  bars, 
which,  passing  through  abutments  of  masonry,  and  down  into 
shafts  made  into  the  solid  rock  below,  are  thei'e  eac*h  firmly 
attached  to  an  anchoring-plate  of  cast  irotu 

Besides  the  usual  snspending-rods  of  the  bridge,  a  number 
of  wire  ropes,  termed  omr-jioor  stays^  connect  the  portions  of 
the  npper  platform  adjacent  to  the  piers  with  the  saddles  at 
tlie  top  of  the  piers;  and  the  lower  piat form  is  in  like  manner 
connected  with  the  njcky  banks  of  the  river  by  a  number  of 
like  stays.  The  object  of  both  being  to  resist  the  action  of 
high  winds  upon  the  platform,  and  to  give  the  bridge  more 
rigidity. 

Each  of  the  raain  cables  is  formed  of  seven  smaller  ones  or 
9trand9.  The  whole  bound  together  in  the  usual  maimer  by 
a  wire  wrapping.  Each  strand  contains  520  wires  in  its 
cross-eectiou,  sixty  of  which  make  an  area  of  one  square  inch. 

The  main  cables  to  which  the  roadway-bearers  ot  the  upper 
platform  are  attached  are  deflected  laterally  towards  the 
axis  of  the  bridge,  and  thus  limit  the  range  of  lateral  oscilla- 
tions. This  provision,  the  lattice  structure  of  the  sides  and 
the  parapet,  the  over  and  under  floor  stays,  the  deep  longitu- 
dinal t^imers  of  the  railway  track|  the  slight  camber  or  longi- 
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ill;  199— Kde  -rUiw  of  tnGbar-^hftln* 

Jh«  SMAOBty  of  tmttron. 

B,  utonlfuck  bed. 

O,  dudt  «ad  DiMonrj  for  chaiiui. 

D,  sndiavliig-plAta. 

tndiii&l  cnrratTire  from  the  ends  of  the  bridj^  to  the  centre, 
and  its  own  weight,  pve  to  the  whole  stnicture  that  degree 
of  rigidity  and  stability  which  are  its  marked  characteristics, 
afi  contrasted  with  snspeneion  bridges  usually. 

Some  of  the  principal  dimensions  of  the  means  of  suspen- 
eion  are  given  in  the  lollowing  statement : 

Span  of  both  cables  between  axis  of  piere,  821^  feet. 

V  ersed  sine  of  cables  of  lower  platform,  64  feet. 

Versed  sine  of  cables  of  npper  platform,  54  feet. 

Diameter  of  each  cable,  10  niches. 

Area  of  cross-section  of  each  cable,  60.4  squai-e  inches. 

Area  of  cross-section  of  npper  links  of  anchor^chaine,  872 
Bquare  inches. 

Ultimate  strength  of  anchorKshaine,  11,904  tons. 

Number  of  wires  in  the  four  cables,  14,560, 

Average  strength  of  one  wire,  1,648  lbs. 

Oltimate  strength  of  the  four  cables,  12,000  tone, 

Pei-manent  weight  borne  by  the  cables,  1,000  ton* 

Length  of  anchor-chains,  66  feet. 

Length  of  upper  cables,  1,261  feet 
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Length  of  cables,  3,460  feet 

Wire  rope  suspenders,  1,088. 

OTer-iioor  stays,  400. 

Under- floor  stays,  on  main  epan,  36. 

Height  of  railway  track  above  mean  Iiigli  water,  13D  feet* 

678.  East  River  Bridge.  The  Kitst  River  Bridge  is 
the  longest  span  suspension  bridge  erected  up  to  this  date. 
It  forms  a  sasjiended  highway  connecting  the  cities  of  New 
York  and  Brooklyn.  The  terminos  in  New  York  city  is 
on  Park  Row  opposite  the  City  Hall  5  and  in  Brooklyn  is 
on  Sands  street  between  Fulton  and  Washington  streets. 
The  total  length  of  the  bridge  and  approaches  js  5,989  feet, 
made  up  as  follows:  main  span,  1,595  feet  6  inches  be- 
tween  centres  of  towers ;  two  land  spans  of  930  feet  each  ; 
the  New  York  approach,  1,563  feet  6  inches,  and  the  Brook- 
lyn approach,  971  feet  Since  the  completion  of  the  bridge 
the  New  York  approach  has  been  improved  by  an  extension 
of  the  platform  over  Park  Row  and  Centre  street  to  the  City 
Hall  square.  Tlie  bridge  pro|>er  consists  of  one  river  span 
and  two  land  spans.  The  approaches  are  carrietl  by  massive 
brick  arches  faced  with  granite,  except  at  street  crossings  ;  at 
these,  iron  bridges  or  brick  arches  are  used.  The  spaceu  under 
these  arches  have  been  utilized  for  store  and  storage  purposes. 

The  general  grade  of  the  bridge  is  three  feet  and  throe 
inches  per  hundred  feet,  rising  from  the  termini  to  the  cen- 
tre ;  slight  variations  from  this  grade  exist. 

The  width  of  the  bridge  is  85  feet  from  out  to  out,  and  it 
is  divided  into  five  spaces  by  six  lines  of  steel  trnssee,  the 
outer  two  being  ten  feet  in  height  and  the  other  four  about  18 
feet. 

The  outer  spaces  are  in  the  clear  1 8  feet  9  inches,  are  covered 
with  plank,  and  used  exclusively  by  vehicle  traffic. 

The  next  two  spaces  are  12  feet  3  inches  in  the  clear,  and 
are  used  exclusively  for  railroad  purposes,  A  single  track  is 
laid  in  each,  and  upon  these  are  run  trains  propelled  by  an 
endless  wire  rope  which  always  moves  in  one  direction.  The 
power  station  is  located  in  Brooklyn,  and  the  trains  are  run 
at  a  speed  of  ten  and  one-quarter  miles  per  hour,  the  time 
of  transit  across  the  bridge  and  approach  being  about  six 
minutes. 

The  central  or  fifth  division  of  the  bridge  forms  a  prom- 
enaile  for  foot  travel  15  feet  3  inches  in  width.  It  is  ele- 
vated 12  feet  above  the  roadways,  affording  at  the  centre 
of  the  river  span  an  unobstructed  view  up  and  down  the 
river  and  of  both  cities.     The  roadway  passes  through  the 
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towers  at  an  elevation  of  119  feet  3  inches,  and  at  the  cen- 
tre of  the  river  span  is  135  feet  iiboTe  mean  high  water,  and 
offers  but  slight  ob^fruetion  to  navigation^ 

The  bridge  ia  mipported  by  four  eteel  wire  cables,  cueli  15f 
in  die  8  in  diameter,  composed  of  galvanized  fitcol  wire,  prin- 
cipally of  No.  0  gauge,  having  a  airength  of  1*50,000  pounds 
per  square  inch  of  section* 

This  grand  etruetnre  was  devised,  and  work  upon  it  super- 
intended  till  his  death,  by  John  A.  Roebliog,  It  was  com- 
pleted by  his  son,  Washington  A.  Eoebling. 

The  total  weight  of  the  Buperstrticture  is  6^620  tons. 
Weight  of  cables        .         ,         ,         .        3,460     ** 
Weight  of  suspenders,  rails,  flooring,  etc,  4, COO    ** 

Total   .        •        *        •        .  14,680     *' 

The  passenger  traffic  on  the  cars  is  freqnently  taxed  to  its 
utmost  capacity,  and  several  plans  for  increasing  itg  capacity 
have  been  proposed.  A  bill  was  recently  introductHi  into  the 
New  York  State  legislature  for  authorizing  the  structure  of 
another  suspensiqu  bridge  a  short  distance  above  the  present  one. 
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MOVABLE   BEIDOB8. 

679,  The  term  movahls  bridge  is  commonly  applied  to  a 
platform  supported  by  a  framework  of  timber  or  of  cast 
iron^by  means  of  wldch  a  comoiimication  can  be  formed  or 
interrupted  at  pleasure  betv^een  any  two  points  of  a  fixed 
bridge,  or  over  any  narTC»w  water-way.  The^e  bridges  are 
generally  denominated  draw-b fudges,  but  this  terra  isnt»w,  for 
the  most  part,  confined  to  those  movable  bridges  whicli  can 
be  raised  or  lowered  by  means  of  a  horizontal  axis,  placed 
either  at  one  extremity  of  the  platform,  or  at  some  inter- 
mediate point  between  the  two  ends,  and  a  counterpoise  which 
is  so  connected  with  the  platform  in  either  case,  that  the 
bridge  can  be  easily  mancjeuvred  by  a  small  p*uver  acting 
througli  tlie  intermedium  of  some  snitalile  ?nechjuiism  ajv 
plied  to  the  counterpoise.  Tlie  term  turmnf;  or  ^vhu/ifi^ 
imdg€  is  used  when  the  bridge  is  arranged  to  torn  horizon- 
tally around  a  vertical  axis  placed  at  a  point  between  its  two 
ends,  so  that  the  parts  on  each  side  of  the  axis  balanc  e  each 
other;  and  the  term  roUinff  h*idge  is  applied  wdieo  the  bridge 
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feetiii^  iijx>n  rcillere,  can  be  sboved  forward  or  backward  hori- 
zc»nrall\%  to  open  or  interrupt  the  pas&age. 

To  the  above  may  be  added  another  class  of  movable 
liridgeB  used  for  the  same  purpose,  which  consist  of  a  plat- 
form supported  by  a  boat,  or  other  buoyant  body,  which  can 
be  placed  in  or  withdrawn  from  the  water-way  as  circum- 
stances may  require. 

680.  Dra^^v^-Brid^es,  When  the  horlzoutal  axis  of  this 
description  of  bridge  is  placed  at  the  extremity  of  the  plat- 
form, the  bridge  is  manoeuvred  by  attaching  a  chain  to  the 
other  extremity,  which  is  connected  with  a  counterpoise  and 
a  suitable  mecnanlsra,  by  which  the  shght  additional  power 
required  for  misingthe  bridge  can  be  applied- 
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A  number  of  ingenious  eontrirances   have  been  put  in 

practice  for  these  pur|X)aes.  They  consist  usually  either  of  a 
counterpoise  of  invariable  weight,  connected  witli  additional 
animal  motive-power,  which  acts  with  constant  intensity,  but 
with  a  variable  arm  of  lever  ;  or  of  a  counterpoise  of  vari- 
able weight,  which  is  assisted  by  animal  motive- power  acting 
with  an  invariable  arm  of  lever.  In  some  eases  the  bridge  it 
worked  with  a  less  complicated  combination,  by  disi>en8ing 
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with  a  counterpoise,  and  applying  animal  motiy&>power,  of 
variable  intensity,  acting  witli  a  constant  or  a  variwle  arm  of 
lever, 

Ainon^  the  combinations  of  the  first  kind  the  most  simple 
consists  111  placing  a  framed  lever  (Fig.  200)  revolving  on  a 
horiisontal  axis  above  the  platform.  The  anterior  part  of  the 
frame  is  conDGct«d  with  the  movable  extremity  of  the  plat- 
form by  two  chains.  The  posterior  portion,  which  forms  the 
oonnterpoise,  hn&  chains  attached  to  it  by  which  the  lever  eat* 
be  worked  by  men. 

When  the  locality  does  not  admit  of  this  arrangement,  the 
chain  attached  to  the  niovable  end  of  the  platform  roar  be 
connected  with  a  horizontal  axle  above  the  platform,  to  wKiefc 
is  also  attached  a  fixed  eccentric  of  a  spiral  shape  (Fig.  200), 
connected  with  a  chain  that  passes  over  its  gorge  and  sustains 
a  coiinterp<:iise  of  invariable  weight  Upon  the  same  axle  an 
ordinary  wheel  is  hung,  over  the  gorge  of  which  passes  an 
endless  chain  to  manasuvre  tiie  bridge  by  animal  power. 

Pit.  ni— Stidwi  Um  ^ 
tmoaBemmit  of  a  dr>«b 
titld*»  with  Avviftblt 
oooatarpaUe. 

i^nsl^to  oOQiitcrpolM 
tormtd  of  *  «ib«ln  with 
ist  Uok*,  m»o  end  of 
wtUoh  to  wtUehml  to  ■ 
And  pntnt^  And  Ibt 
othar  CO  iba  <^lii  c  •». 
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end  of  ih«  ptfttroncu 

4  fUed  pulley  av^  wlikli 
th»  chftLn  c  |iaiim  to 
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Fb     to  frhioh  iB  ftlao  »tteoh> 
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for    mKnamvflaK    tha 
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Of  the  combinations  of  variable  eounterpoisee  the  mechan- 
ism of  M.  Poncelet,  which  has  been  suceessfnlly  applied  in 
many  instances  in  France  for  the  draw-bridges  of  military 
works,  is  one  of  the  most  simple  in  its  arrangement  and  con- 
struction.  The  movable  end  of  the  platform  (Fig,  201)  is 
connected  by  a  common  chain,  that  pa^.ses  over  the  gorge  of  a 
wlieel  hung  npon  a  horizontal  shaft  aWve  the  platiurrii,  with 
another  chain  of  variable  breadtli,  formed  of  flat  bar  links, 
wliifli  forms  the  counterpoise.  The  cliain  counteq^use  is  at 
taehed  at  its  other  extremity  to  a  fixed  point  in  such  a  way. 
that  when  tlie  platform  ascends  a  portion  of  the  weight  of 
the  chain  is  bonie  by  this  fixed  point ;  and  thus  the  weight  of 
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the  counterpoise  decreases  as  the  platforai  rises.  The  system 
is  manoeuvred  by  an  endless  cliaiu  passed  over  the  gorge  of  a 
wheel  hung  uix>n  the  horizontal  shaft. 

For  light  platforms  a  counterpoise  may  be  dispensed  wnth, 
and  the  bridge  may  be  manoeuvred  by  connecting  the  chain 
.^ittac'hed  to  tne  movable  end  of  the  platform  to  a  horizontal 
shaft,  which  is  turned  by  the  usual  tooth-work  combinations. 

When    the  locality  does  not  admit   of    manoeuvring  the 
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bridge  by  a  chain  connected  with  some  point  above  the 
framework,  the  platform  (Fig,  202)  is  continued  back,  fwm 
twot birds  to  three-fifths  its  length,  from  the  face  of  the 
abutment,  to  fbnn  a  counterpoise  for  the  platform  of  the 
bridge.  The  Dorizontal  axis  of  the  bridge  is  plai'eduear  the 
face  of  the  abutment,  and  a  well  of  a  suitable  shape  to  re- 
ceive the  posterior  portion  of  the  platform  that  forms  the 
counterpoise  is  formed  behind  tbe  abutment. 

The  mechanism  for  working  the  bridge  may  consist  of  a 
chain  and  capstan  below  the  platform-coanterpoise,  or  of  a 
suitable  combination  of  tooth-work. 

In  bridges  of  a  single  platform,  the  movable  extremity, 
when  the  bridge  is  lowered,  rests  on  the  opposite  abutment, 
and  no  intermediate  support  will  be  required  for  the  struc- 
ture if  the  framework  be  of  sufficient  strength ;  but  when 
a  double  bridge,  consisting  of  two  platforms,  is  used,  the  plat- 
forms  (Fig.  200)  should  be  supported  near  their  movableends, 
when  the  bridge  is  down,  by  struts  movable  around  the  joint 
bv  wiiich  they  are  connected  with  the  face  of  the  abutments, 
'f  hese  struts  are  so  connected  witli  the  bridge  that  they  are 
detached  from  it  and  drawn  up  when  it  is  raised,  and  fall  back 
into  their  places,  abutting  against  blocks  near  the  movable  end 
of  the  platform,  wlien  the  bridge  is  dtiwn.  By  these  arrange- 
ments the  ehaini  for  working  "the  bridge  are  relieved  frorn  a 
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portion  of  the  Btratn  when  the  bridge  is  down,  and  it  ib  atdc 
rendered  more  firm. 

When  the  counterpoise  ia  f(>nned  by  the  rear  part  of  the 

Slatform,  additional  seeurity  may  be  given  to  the  bridge  when 
own  by  attaching  two  chains  beneath  the  platform,  and  se» 
curing  thera  to  aiichoring-points  at  the  bottom  of  the  well* 
In  8ome  cases  a  heavy  bar,  titted  to  staples  beneath  connected 
with  the  timbers  of  tlie  platform,  is  used  for  the  same  pur* 
poBe. 

In  double  bridges  the  two  platforms  when  lowered  should 
abut  against  each  other,  giving  a  slight  elevation  to  the  cen- 
tre of  the  bridge.  This  not  only  gives  greater  stiffness,  bat 
10  favorable  to  detaching  the  platforms  when  the  bridge  is  to 
be  raised. 

For  draw,  and  every  kind  of  movable  bridge,  temporary 
barriers  should  be  erected  on  each  side  at  the  entrance  njx>n 
the  bridge,  to  pi*evcnt  accidents  by  persons  attempting  to 
cross  the  bridge  before  it  is  properly  secured  when  lowered. 

eSL  Turning-bridges.  These  bndges  revolve  horizontallv 
upon  a  vertical  shaft  or  gudgeon  below  the  platform,  which 
is  usually  thrown  far  enough  back  fmin  the  face  of  the  abut- 
ment to  place  the  side  of  the  bridge,  when  brought  round, 
ju«t  within  this  face.  The  weights  of  the  paits  of  the  bridge  i 
around  the  shaft  should  balance  each  other* 
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To  support  and  mancBuvre  the  bridge  (Fig,  20^)  a  circular 
ring  of  iron,  or  roller-way^  of  less  diameter  than  the  breadtii 
of  the  bridge,  and  concentric  with  the  vertical  ehaft,  is  finnly 
imbedded  in  ma8onr>^  Fixed  rollers,  in  the  Bhape  of  trun» 
cated  cones,  are  attacfied  at  eaual  distances  apart  to  the  f rarao- 
work  of  the  platform  beneath,  and  rest  upon  the  roller- way. 
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The  bridge  is  worked  by  a  suitably  armnged  tooth- work,  oi 
by  a  chain  and  capstau.  In  some  case^  cast-iron  balls,  r  *>r- 
iiig  on  a  gnx)ved  roller-way,  and  fitting  into  one  of  corre- 
sponding shape  fixed  beneath  the  platfortn,  have  been  nsed 
for  inauceuvring  the  bridge. 

The  ends  of  the  bridge  are  tnit  in  the  shape  of  circular  arcs 
to  fit  recesses  of  a  corresponding  forra  in  the  abtitments,  so 
arranged  as  not  to  impede  the  play  of  the  bridge. 

In  double-turning  bridges  tne  two  ends  of  the  platforms 
which  come  together  slu>iild  be  of  a  curved  shape.  The  plat- 
foniiB  should  be  sustained  from  beneath  by  stmts,  like  those 
used  for  draw-bridges,  which  can  be  detached  and  drawn  into 
recesses  when  the  passage  is  interrupted ;  or  else  they  may 
bo  arranged  with  a  ball-and-socket  joint  at  their  lower  ex* 
tremity,  so  as  to  be  brought  round  "with  die  bridge.  For  the 
purpose  of  giving  additional  strength  and  security  to  the 
brioge,  iron  stays  are,  in  some  cases,  attached  on  eacli  side  of 
the  platform  near  the  extremities,  and  connected  witli  verti- 
calpostB  placed  in  a  line  with  the  vertical  shaft. 

Turning-bridges  may  be  made  either  of  timber  or  of  cast 
iron ;  the  latter  material  is  the  more  suitable,  as  aJiuitting  of 
more  accui-ac'^y  of  workmanship,  and  not  being  liable  to  the 
derangements  cauaed  by  the  shrinking  or  warping  of  fmnie- 
work  of  timber. 

632.  Swing  Bridge  at  Providence,  R.  L  The  details  of 
this  bridge  are  worthy  of  special  study.  An  account  of  it 
is  published  in  the  London  Engineering  for  March  2l6t, 
1873.  Fig.  204  is  an  elevation  of  the  bridge,  and  the  right- 
hand  half  of  Fig.  205  is  a  plan  of  the  truss  work  under  the 
roadway,  and  the  left-hand  naif  the  plan  of  the  roadway  and 
truss  work.  Fig.  206  is  a  section  or  the  turn-table  for  sup- 
poiling  the  bri&e.  An  essential  part  is  the  four  compound 
radial  arms,  G  U,  F  F,  Fig.  206,  the  lower  parts  of  which 
are  of  cast-iron  compra^sion  members,  and  tlie  upper  part* 
of  two  wrouglit-iron  rods  each. 

The  whole  structure  rests  upon  a  nest  of  conical  rollers,  I  1 
(Fig.  206),  upon  which  it  turns  as  it  moves  about  There  are 
several  small  wheels  i,  J,  J,  which  are  under  the  tuni*table, 
and  serve  only  to  steady  it  in  case  it  tends  to  tip  in  any  di- 
recti(m. 

The  strains  on  the  aevaral  members  were  computed  under 
three  hypotheses,  vijB, :  Ist.  The  strains  due  to  the  weight  of 
the  truss  only  when  the  draw  was  open.  These  strains  were 
assumed  to  be  the  same  as  when  it  was  closed  and  unloaded, 
for  ua  part  of  the  weight  of  the  bridge  was  supposed  to  be 
25 
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Bupport^d  at  its  ends,  alttougli  the  ends  were  pinned  to  keep 
them  from  rising  when  only  one  part  was  loaded.  2d.  One 
half  was  ftnpp<56e3  to  be  loaded  while  the  other  end  was  held 
down  by  the  pio  ;  and  3d.  The  bridge  was  suppoeed  to  be 
loaded  nnifonnly  thronghoiit. 

The  call  for  proposals  specified  that  the  rolling  load  should 
be  3,200  lbs.  per  lineal  foijt  of  the  bridge,  and  that  the 
wrought  iron  snould  not  be  strained  in  tension  to  exceed 
12,000  lbs,  per  square  inch,  or  in  compression  8,000  lbs,  per 
square  inch.  The  following:  tables  give  tie  results  of  the 
original  computations  for  the  strains  and  the  dimensions  of 
the  pieces  used.  The  engineer,  Charles  McDonald,  of  New 
York  City,  states  that  a  review  of  the  computations  after  the 
Btrnctnre  was  completed,  confirmed  tlie  general  results,  al- 
though in  some  eases  the  actual  strains  exceed  those  previ- 
ously deterimned  by  a  sioall  amount.  Although  the  analysis 
shows  (see  Table  IL),  that  thei^e  is  compression  on  tlie  fourth 
and  fifth  bay  of  the  uj>per  choi-d,  yet  there  Is  no  tendency  to 
a  strain  on  the  counter-diagonals  in  those  panels.  The  incli- 
nation of  the  npper  chord  acts  as  a  brace  and  thus  preventa 
any  strain  in  the  direction  of  the  counter-tie  in  those  panels. 
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9 

-198,400 

+  a4Ji,6Si 

+  84,090 

^107,087 

Centre 

-243,6:^ 

+  24^,624 

+  98,625 

nil 
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Table  No.  H — Rawing  Totni  Strains  on  Parti  with  Bridge  ClMoi  and 
on^-ha^f  fuUif  Locukd^  the  Unladed  md  being  Latched^ 


HuDberof 
Bay, 

Top  ObonL 

BcrUom  C^iord. 

TflCtfoilB. 

DiftfonftlJi. 

lb. 

lb. 

lb. 

lb. 

IbL 

Loaded  end 

+   60,500 

ml 

+    64,500 

nil 

-  81,080 

2 

+   83,610 

-^  67,480 

+  21,500 

nil 

^  27,000 

nil 

a 

+  «3,110 

-  69,800 

nil 

ml 

4 

+  69,977 

-  41-000 
nil 

+  17,718 

-  52,249 

^ 

+  42,000 

+  40,305 

-  81,910 

6 

nil 

+  53,800 

+  64,500 

-110,674 

7 

-  54,000 

+  120,837 

+  92,690 

-^141,580 

8 

-lao^sso 

+  201,32« 

+  128,440 

-175,770 

e 

-201,480 

+  299,537 

+  158,187 

I  -214,100 

Cento 

^2D9,587 

+  804,808 

+  193.500 

+160,010 : 

-  60,560 

9 

-^9,140 

+  804,868 

+   96,480 

-121,910 

8 

-201,954 

+  248,948 

+  79,520 

-^103,670 

7 

-161,500 

+  201,087 

+  65,190 

-  86,618 

6 

-126,130 

+  100,915 

+  51,800 

«  73,141 

^ 

-  95,240 

+  125,860 

+  41,086 

-  61,061 

4 

-  67,713 

+  94,300 

+  80,984 

-  61,000 

8 

-  42,962 

+  00,778 

+  22,400 

-  4L955 

nil 

3 

-  S0,600 

+  42,178 

+  14,500 

^  84,240 

nil 

CTnloAded  end 

nil 

+  20,098 

oil 

«  27,752 

nil 

Tablb  No.  HL—Shmdng  THai  Btraim  on  ParU  with  Bridge  closed  mii 
fuUf  Loaded, 


Kcunber  ot 
B*y. 

Top  Ohoid. 

Bottom  Cb«rd. 

Vertl^*lc 

Dlaffonikls. 

tt«L 

lb. 

lb. 

lb. 

lb- 

lb. 

Bnd 

+  62,180 

nil 

+  48,425 

nil 

-  fl0,8l0 

2 

+  55,774 

-  50,611 

+   10,500 

till 

-  13,500 

8 

+  55,100 

-  34,940 

nil 

-  26,727 

nil 

4 

+  85,430 

nO 

+  24,157 

-  64,732 

5           6 

nil 

-  47,644 

+  48,42.5 

-  94,883 

6 

-  47,930 

+ 107,600 

+  74,621 

-123,340 

T 

-108,000 

+  180,500 

+  104,638 

-155,073 

8 

-180,779 

+268,200 

'    +136,540 

-190,800 

9 

--268,400 

+  874,421 

+  172,808 

-231,560 

Centre 

-874,421 

+  874,420 

+  209,6S5 

nil 
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G83»  RoUing'brldges,  Tliese  bridges  are  placed  tipon 
fixed  rollers,  8<>  that  they  can  be  moved  foi  ward  oi'  backward, 
to  internipt  or  open  the  communication  across  the  water- 
way. The  part  of  the  bridge  that  rests  upon  the  rollers, 
when  the  passage  is  closed,  must  form  a  counterpoise  to  the 
other.  The  mechanism  usually  employed  for  manoeuvring 
these  bridges  cuiisiats  of  tooth-work,  and  may  be  so  arranged 
that  it  can  be  worked  by  one  or  more  persons  standing  on  the 
bridge.  Instead  <if  fixed  rollers  turning  on  axles,  iron  balle, 
resting  in  a  grooved  roUer-wajj  may  be  used,  a  similar  roller- 
way  being  affixed  to  the  framework  beneath. 

ftB4*  Boat-bridge.  A  movable  bridge  of  this  kind  may 
be  made  by  placing  a  platform  to  form  a  roadway  upon  a 
boat,  or  a  water-tight  box  of  a  suitable  shape.  This  bridge 
18  placed  in,  or  withdrawn  from  the  water-way,  as  circum* 
stances  may  require,  a  suitable  recess  or  ra<x>ring  being  ar- 
ranged for  it  near  the  water-way  when  it  is  left  open. 

A  bridge  of  this  character  oannot  be  conveniently  used  in 
tidal  waters,  except  at  certain  stages  of  the  water.  It  may 
be  employed  with  advantage  on  canals  in  positions  where  a 
fixed  bridge  could  not  be  placed, 

IX. 


AQITBDUOT-  BRlBOBg. 

685.  In  aqueducts  and  aqueduct-bridges  of  masonry,  for 
supplying  reservoirs  for  the  wants  of  a  city,  or  for  any  other 
purpose,  the  volume  of    water  conveyed  being,  generally 

speaking,  small,  the  structure  will  present  no  peculiar  diffi- 
culties beyond  affording  a  water-tight  channel.  This  may  be 
made  either  of  masonry,  or  of  cast-iron  pipes,  acconling  to 
the  quantity  of  water  to  be  delivered.  If  formed  of  masonry, 
the  sides  and  bottom  of  the  channel  should  be  laid  in  the 
most  careful  manner  with  hydraulic  cement,  and  the  surface 
in  contact  with  the  water  should  receive  a  coating  of  the 
same  material,  particularly  if  the  stone  or  brick  usea  be  of  a 
porous  nature.  This  part  of  the  structure  should  not  be 
commenced  until  the  arches  have  been  uncentred  and  the 
heavier  parts  of  the  structure  have  been  carried  up  and  have 
had  time  to  settle.  The  interior  spandrel-filling,  to  the  level 
of  the  masonry  which  forms  the  bottom  of  the  waterway, 
may  either  be  formed  of  solid  material,  of  good  rubble  laid 
in  hydraulic  cement,  or  of  beton  well  settled  in  layers  ;  or  a 
system  of  interior  wallS|  like  those  used  in  commf  n  bridges 
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for  the  support  of  the  roadway,  may  be  used  in  this  case  foi 
the  masonry  of  the  wat^r-way  to  rest  on. 

636.  In  (^anal  aqned net-bridges  of  masonry,  as  the  Toltim« 
of  water  required  for  the  purposes  of  navigation  is  much 
greater  than  in  the  case  of  ordinary  aqueducts,  and  as  the 
striicture  Las  to  be  traversed  by  Iioj-ses,  every  precantioQ 
should  be  taken  to  procure  great  solidity,  and  secure  the 
work  from  accidents. 

Segment  arches  of  medium  span  will  generally  be  found  i 
most  suitable  for  works  of  this  character.     The  section  ol^ 
the  water-way  is  generally  of  a  trapezoidal  form^  the  bottom 
line  bein^  horizontal,  and  the  two  sides  receiving  a  sh'ght 
batir;  its  dimensions  are  usually  restricted  to  allow  tlie  pas- 
sage of  a  single  boat  at  a  time.     On  one  side  of  the  water*  . 
way  a  horae  or  tow-path  is  placed^  and  on  the  other  a  narrow 
footpath.     The  water-wav  should  be  faced  with  a  hard  cut- 
stone  toasonry,  well  bonded  to  secure  it  from  damage  from 
the  passage  of  the  boatB.     The  space  between  tlie  facing  of 
the  water-way,  termed  the  trufuc  oi  the  aqueduct,  and  the 
bead-walls,  is  filled  in  with  solid  material,  either  of  rubble  or 
of  be  ton* 

A  parapet-wall  of  the  ordinary  form  and  dimensions  sui- 
mounts  the  tow  and  foot  paths* 

The  approach  to  an  aqueduct-bridge  from  a  canal  is  made 
by  gradually  increasing  the  width  of  the  trunk  between  the 
wings,  which,  for  this  purpose,  usually  receives  a  curved 
shape,  and  narrowing  the  water-way  of  the  canal  so  aa  to 
form  a  convenient  acqess  to  tlie  aqueduct.  Great  care  should 
be  taken  to  form  a  perfectly  water-tight  junction  between 
the  two  works. 

687.  When  cast  iron  or  timber  is  used  for  the  tnink  of  an 
Rqucduct-bridge,  the  abutments  and  piers  should  be  built  of 
stone.  The  trunk,  which,  if  of  cast  in)n,  is  formed  of  plates 
with  flanches  to  connect  them,  or,  if  of  timber,  consists  of 
one  or  two  thicknesses  of  plank  supported  on  the  outside  by 
a  framing  of  scantling,  may  be  supported  bv  a  bridge-frame 
of  cast  iron,  or  of  timber,  or  be  suspended  from  chains  or 
wire  cables. 

The  tow-path  may  be  placed  either  within  the  water-way, 
or,  as  is  most  usually  done,  without  It  generally  consif^ts  of 
a  simple  flooring  of  plank  laid  on  cross-joists  supported  Erom 
beneath  by  suitably-arranged  frameworlL 
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688.  A  Roof;  in  common  laii^uafi^e,  la  tl\e  covering  over  a 
Btrncture,  the  chief  object  of  which  is  to  protect  the  building 
against  the  effects  of  snow  and  raitu  It  is  composed  of 
boardd,  ghlngles,  elate,  mastic,  or  other  enitable  materials-    ► 


Tig,  «77. 

The  inclined  pieces  AC,  and  BO,  Fig,  207,  which  support 
the  roof  are  called  rafters,  When  the  roof  is  light,  the  rfK>f 
boards  DE  are  placecf  directly  upon  the  rafters,  but  when  the 
rafters  are  far  apart,  say  more  than  four  feet,  small  pieces  a, 
i,  e,  and  rf,  called  jnirlhis^^  are  placed  across  the  rafters  for 
the  purpose  of  receiving  the  roof  proper.  AB  is  a  tie,  and 
F  and  G  represent  the  ends  of  posts.  The  frame  ABC  is 
called  a  roof  triisd, 

689.  Roof  Trusses  hare  a  great  variety  of  forms,  and 
differ  greatly  in  the  detiiils  of  their  construction.  All  the 
trusses  which  have  been  discussed  m  the  preceding  pages  are 
suitable  for  this  purpose  in  many  cases.  Some  other  foniis 
areo^iven  in  the  lollowing  pages, 

690.  General  Data.  A  nxyf  truss  is  required  to  carry 
its  own  weight,  the  weight  of  the  purlins,  the  weight  of  tlw 

*  Purlin  bmtm  are  louietixim  pkoed  imder  the  raftesiL 
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roof  above  them,  the  force  of  the  wind,  the  Tieicht  of  snoiff 

%vhen  there  is  any,  and  in  sorae  caBes  certain  local  or  concent 
trated  loads,  fiuch  aa  fl(X)i*8,  raachinerj,  and  the  like,  which 
are  suspended  from  the  roof  triibses. 

691.  The  Weight  of  Snow^,  Freshly  fallen  snow  weighs 
from  five  to  twelve  lbs.  per  cubic  foot,  although  snow  which 
is  saturated  with  water  weighs  mnch  more.  Some  eay  that 
Biiow  is  equivalent  to  from  ^  to  }  of  its  dcj»th  in  water, 
while  others  say  that  it  may  be  equivalent  to  i  its  depth  of 
water. 

Eunxpeaii  engineers  consider  that  six  lbs,  per  square  foot 
is  suflicient  for  snow,  and  eight  ll>8,  for  the  pressure  of  the 
wind,  makitig  fourteen  lbs.  for  botk  Trautwine  thinks  that 
not  less  than  twenty  lbs.  should  be  allowed  in  tlie  United 
States. 

692.  The  Force  of  the  Wind.  According  to  Mr, 
Stncaton,  the  pressure  of  the  wind  directly  against  a  flat  sur- 
face in  a  hurricane  may  be  32  lbs,  j>er  square  foot.  Tred- 
gold  recommends  an  allowance  of  40  lbs,  per  equuro  fooL 
A  gauge  in  Qirard  College  broke  under  a  strain  of  42  lbs.  per 
ftquare  foot,  whilst  a  tornado  was  passing  near  by.  During 
the  severest  gale  on  record  at  Li vcrptxil,  England,  there  waa 
a  pressure  or  42  lbs,  per  square  foot  directly  uj>on  a  fiat  sur- 
face. During  a  very  violent  gale  in  Scofhuid,  a  wind-gauge 
once  indicatea  45  lbs.  per  square  foot,  l^uildiugs  which  are 
more  or  lees  protected  will  not  be  subjected  to  such  high 
pressures. 


jnig.  908— Be|ir«ii«at«  ii  roof  tram  for  rafditun  ipiLnt. 

9,  tif^beara  of  trun. 

i,  ft,  prlndpttl  nften  frftmed  into  ti»^beMii  and  tbm 

foot  bjr  wi  iron  att^p. 
4,  d,  «truiii. 
#,  «V  tniTlint  iupportltig  the  oommon  raflen/,  /« 
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TO3*  Tlie  truss  of  a  nx»f,  for  ordinary  bearings,  consista 
(Fig-  208)  of  a  horizontal  beam  termed  the  tubm^nij  with 
which  the  iuclined  beams,  tenned  the  primii/pal  raftera,  are 
oonoocted  by  suitable  jointe.     The  principal   rafters   may 
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either  abnt  against  each  other  at  the  tt)p  oi  ridgs^  or  against 
a  king  post.  Inclined  struta  are  in  some  cases  placed  be- 
tween the  principal  rafters  and  king  post,  with  which  they 
are  coniict*ted  by  suitable  joints. 

For  wider  bearings  the  short  rafters  (Fig,  209)  abnt  against 
a  straining  beam  at  3ie  top.  Queen  posts  connect  thc«e  piece* 
with  the  tie-beam.  A  king  post  connects  the  straiuiu^  beam 
with  the  top  of  the  sliort  rafters ;  and  struts  are  placed  at 
ftuitable  points  between  the  rafters  and  king  and  qneen  posts. 


Fig.  900— Bepmecti  •  rod  tnum  far  widt 

6,  b,  principal  rafters. 

e,  9bort  raftera  AbmtLng  sgmlnrt  tho  ilndii* 

€  ADd/  king  and  qnaen  pcata  \n  pulnw 

0*  S%  po''  '<>  Kipporting  ODOuaoQ  zmfl««  ik. 


In  each  of  these  corabinations  the  weight  of  the  roof 
covering  and  the  frames  is  supported  by  the  points  of  support. 
The  principal  raftera  are  subjected  to  cross  and  longinidiiml 
strains,  arising  from  the  weight  of  the  roof  covering  ai  d  from 
their  reciprocal  action  on  each  other.  These  strains  are 
transmitted  to  the  tie-beam,  causing  a  strain  of  tension  upon 
it.  The  struts  resist  the  cross  strain  upon  tlie  rafters  and 
prevent  them  from  sagging ;  and  the  king  and  qneen  posts 
prevent  the  tie  and  straimng  beams  from  sagging  and  give 
points  of  support  to  the  struts.  The  short  rafters  and  strain- 
nig  beam  foim  points  of  snpport  which  resist  the  cn^s  strain 
on  the  principal  rafters,  and  support  tlie  strain  on  the  queen 
posts. 

694.  Ties  and  Braces  for  Betaohed  Frames.  T^Then  a 
series  of  frames  concur  to  one  end,  as,  for  example,  the  main 
beatns  of  a  bridge,  the  trusses  of  a  roof,  ribs  of  a  centre,  etc., 
they  reqnii*e  to  do  tied  together  and  stiffened  by  other  beams 
to  prevent  any  displacement  and  warping  of  the  frames. 
For  this  purpose  beams  are  placed  in  a  horizontal  position 
and  notched  upon  each  frame  at  suitable  points  to  connect 
the  whole  together ;  while  others  are  placed  crossing  each 
other,  in  a  diagonal  direction,  between  each  pair  of  f  mmes. 
with  which  they  are  united  by  suitable  joints,  to  stiffen  the 
frames  and  prevent  them  from  yielding  to  any  lateral  effort. 
Doth  the  ties  and  the  diagonal  braces  may  be  either  of  single 
beams,  or  of  beams  in  pairs,  so  arranged  as  to  erab.-ace 
between  them  the  part  or  the  frames  with  which  they  %re 
eoimected* 
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095.  Iron  Roof  Trusses,  Frames  of  iron  for  roofs  Ilav^ 
\>een  made  either  entirely  of  wrought  iron,  or  of  a  combina- 
tion of  wTonght  and  cast  iron,  or  of  theee  two  last  material* 
combined  with  timber.  The  combinations  for  the  trnsaes  of 
roofs  of  iron  are  in  all  respects  the  same  as  in  those  for  tim- 
ber tniBses,  The  parts  of  the  truss  subjected  to  a  cross  strain, 
or  to  one  of  compression,  aro  arranged  to  give  the  most  suit^ 


^m 


FtS.  910— ftefpfMmiti  thft  b«lt  of  i  tmtt  tot  the  «uii«  boildliis  oorapoani  of  wrooffbt  maA 

1^  Oi  ^DAtluml  fltfoti  of  'Oait'tfqpL* 

b^  tf  «aBp«iuioii  iMmi  la  pnin, 

m,  n,  daiad  •tnlniaff  tMn. 

%  «,  and/,/,  «rMi  matifmm  of  beuB*  rartlaff  la  tlw  cuMroo  Kic9e«fei  ooaiieGtad  wttli  Vbm  ■i*' 


able  forms  for  strength,  and  to  adapt  them  to  die  object  in 
view.  Tlie  parts  subjected  to  a  strain  of  extension,  as  the 
li<vbeam  and  king  and  queen  pt^sts,  are  made  either  of 
wrought  iron  or  timber,  as  may  be  found  best  adapted  to  tba 
particnlar  end  proposed. 

The  joints  are  in  some  cases  arranged  bj  inserting  tlie  etida 
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of  tho  beams,  or  bars,  in  cast-iron  sockets,  or  shoes  of  a  suita- 
ble form ;  in  others  the  beams  are  united  by  joints  aiTan^d 
like  those  for  timber  frames,  the  joints  in  all  cases  bein~ 
secured  by  wrought-iron  bolts  and  keys.  (Figs.  210.  211  an< 
212.) 


Fig.  Sll— BepmenU  the  hait  of  a  tnus  of  wrought  iron  for  the  new  Hooeea  of  PBriiamen^ 
England.  The  pieces  of  thla  tron  are  formed  of  bars  of  a  rectangular  eection.  The  joJnti 
are  eecnred  bj  caat-iroo  eocket^  within  which  the  cbde  of  the  ban  are  lecared  bj  ecrew 


696.  Fig.  213  shows  a  very  common  form  of  the  roofs  ol 
gas-houses. 

This  here  shown  is  supposed  to  be  made  entirely  of  iron 
At  the  ridge  is  a  yeutilator  to  allow  the  escape  of  gases. 
The  manner  of  joining  the  parts  is  sufficiently  snown  in  the 
figure. 


^ 

>^> 

C,  D,  'I*  A«  aila  doL 


1.1^  b« 


86^7.  Pij^.  214  3how3  %  mode  of  secondary  trnaHm^.  A  is  a 
fttrnt  for  tnpporting  the  middle  of  the  main  rmfter.  The 
lower  end  ot  A  is  secnred  to  *  block  which  cs  supported  bj 
the  tie-rods  B  and  D.  The  tie-rods  C  snd  D  serve  the  ofiioe 
of  II  trogle  tie  for  sapportiBg  the  lower  end  of  K    In  this 
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way  the  rod  D  performs  a  dooble  offioe.    It  may  be  queetion- 

able  whether  this  arrangement  is  as  good  as  it  womd  be  ro 
have  one  continuous  rod  pass  from  E  to  F,  and  .anotliLT 
r* xi  (D)  to  act  with  B. 


Fie.  V!4— A.  la  m  atTnt,  tlw  lowvr  wad  of  which  la  Bapported  bjr  the  ti«a  B  and  D. 
■KT0  tb«  olAoe  of  m  oootisisoQa  tte  tor  Kippoctiog  the  lower  end  of  Uia  itnit  B. 


0«Dd  D 


It  may  be  observed  that  in  this  Fig,  the  tie-rods  are  in- 
clined and  much  longer  than  the  stmts,  which  is  the  reverse 
of  the  oonditioii  in  F\^,  213,  If  iron  only  is  used  the  arrange- 
ment of  Fi^.  214  will  f^enerallv  be  the  most  economical, 
but  if  wooden  struts  aj"e  used  tte  plan  of  Fig.  213  may  be 
preferable. 


He  nfi^ 


898.  Depot  Roof  Trufls.  Fig.  215  shows  a  trusa  which 
has  been  used  in  many  cases  for  supporting  the  roofs  of  depots 
and  of  other  large  tuildiugs*    The  passenger  de{)ot  of  the 
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Michigan  Central  Railroad  at  Chicago  was  built  after  tliia 
plaiL  It  was  destroyed  by  the  great  fire  in  1871.  The  plan 
t>f  the  arch  is  a  Howe  truss,  having  curved  wooden  chords, 
wooden  braces  and  iron  ties  to  coiiDect  the  two  chords.  The 
truss  formed  an  arch,  the  thrust  of  which  was  resisted  by  aj 
loinj  horizontal  tie-rod. 

The  game  style  was  adopted  in  the  now  roof  over  the  detx>t 
at  Troy,  New  York ;  and  the  Grand  Central  Depot  in  Ntw 
York  City. 

699.  A  novel  iilan  was  u^d  in  making  tlie  roof  over  the 
rolling-inilk  at  Milwaukee,  Wis,  An  arch  was  made  of 
boards  so  placed  as  to  bi'eak  joints  and  form  a  rib  al)oat  a 
foot  wide  and  eighteen  inches  deep,  and  one  hundred  and 
eighty  feet  span.  The  boards  were  b»jlted  together  so  as  to 
make  the  rib  continuous,  and  then  the  upper  part  of  the  arch 
w*as  trussed  after  the  Howe  plan.  The  main  objects  of  this 
plan  were  clieapness  and  to  secure  the  whole  inchjscd  area  j 
free  from  p<i8ts  or  other  similar  obstructions.  But  it  was ' 
found  that  tlie  arch  was  too  weak,  especially  when  required 
to  carry  the  large  ventilator  which  was  placed  over  it,  and 
posts  were  afterwards  added. 

700.  Roofb  and  Domes,  lu  &orae  cases — especially  in  state 
buildings — domes  are  placed  upon  roofs  for  architectural  effect. 

fig.  Wk 


Us.  «i7. 

Ftgv.  no  ftod  tlT— An  two  tnuim,  wliioh  sre  modo  In  pftlrv,  And  ara  p)Bood  foartani  la 
■pait^  for  ifunpocung  \m.rt  ot  the  df)m«  to^^AP^nftl)  of  tbe  Bt^ts  ^^liol  At  MoDtpeliv,  VI. 
aaa  tLret,\k»  ehon  limhen  for  ooiiDootlog  the  two  tziuMib 
▲  !■  A  timtMsr  nMtlnir  upon  th«OKMi  pieoea  a  cr  a. 
G  1«  A  poot  of  th4»  doiii«  KMtiiif  upon  ttia  pioce  A. 
BiMBL,  ilxtjr'«iTQD  tw%  torn  ImdiBA, 
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The  dom©  of  the  State  capitol,  Vermont,  reeta  upon  woodeu 
trusses  (Figs.  210  and  217),  having  a  span  of  sixty-seven  feet 
four  in<jhea^^  Tlie  triis&es  are  supported  at  tlie  ends  only.  They 
aro  placed  m  |>air6,  fourteen  inches  apart.  The  Fig,  shows 
two  paii-s.  They  are  connected  by  short  cross  beams,  a  a: 
upon  which  re^t  other  tinibers,  A,  lor  receiving  the  po^ts,  C, 
or  the  dome.  Itie  profitable  for  the  student  to  make  a  careful 
study  of  the  details  of  this  structure. 

^\^ere  the  thrust  is  severe  especial  care  should  be  taken  to 
Becure  a  good  bearing  for  the  ends  of  the  timbers,  l^e  lower 
ends  of  the  main  rafters  tend  to  shear  the  main  tie  at  it^  ends, 
and  to  prevent  this  action  they  should  enter  the  tie  at  a 
reasonable  distance  from  its  ends.  The  bearing  pieces  are  of 
white  oak,  and  the  rest  of  the  timber  is  spruce.  The  trusses 
are  constructed  diffcj-ently,  because  the  jxjst*  of  the  dome 
bear  upon  them  m  different  places. 

701.  Roof  over  the  large  hall  of  the  University  ol 
KfichigELB.  This  truss  and  dome  presents  a  very  novel  fea- 
ture (Fig,  218),  inasmuch  as  a  part  of  the  dome  rests  directly, 
or  nearly  so,  upon  the  posts  w*hich  suppoil  the  roof,  wlule  the 
other  part  rests  directly  upon  the  trusses  whitrli  suppoit  the 
rool  The  span  is  eighty  feet  in  the  clear,  and  the  depth  of  the 
trusses  is  sixteen  feet.  The  main  raftera  are  piece*  of  solid 
pine  fourteen  inches  wide  by  sixteen  inches  deep.  They  ai-e 
not  of  equal  length,  the  longer  ones  having  a  horizontal  run 
of  forty-seven  feet,  and  the  shorter  ones  thirty 4hree  feet 
The  secondary  trussing  is  distributed  according  to  the  strains. 
The  dome  is  thirty  feet  in  diameter  at  the  base. 

The  ceiling  of  the  large  hall  being  attaclied  directly  to 
trusses,  it  wjis  necessary  to  make  very  Btrong  trusBCs,  so  that 
the  action  of  the  wind  upon  the  dome,  and  alsci  the  effect  of 
the  changes  of  temperature  might  not  so  disturb  the  trusses 
by  causing  them  to  deflect,  as  to  destroy  the  ceiling.  (For  a 
computation  of  the  ^BTt&^  see  Wooded  Jiridyes  and  noq/ls^fiK 
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702.  In  establishing  a  lino  of  internal  cominuni(*atioD  of 
any  characterj  whether  it  be  an  ordinaiy  road,  railroad,  or 
canal,  the  main  considerations  to  wliich  the  attention  of  the 
engineer  mnst  be  directed  in  the  outset  are :  1,  tlie  probable 
character  and  amount  of  traffic  over  the  line ;  2,  the  wants  of 
the  community  in  the  neighborhtxxi  of  the  line;  3,  the  nat- 
ural features  of  the  country,  between  the  points  of  arrived 
and  departure^  as  regards  their  adaptation  to  the  proposed 
communication. 

As  the  lai^t  point  alone  comes  exclusively  within  the  prov- 
ince of  tbe  engineer's  art,  and  within  the  limits  prescribed  to 
this  work,  attention  will  be  confined  stiilely  to  its  cunaideration. 

703,  Heoonnaissanoe.  A  thorough  examination  and  study 
of  the  ground  by  the  eye,  termed  a  reconnaissance,  is  an  in- 
dispensable prclinnnary  to  any  more  accurate  and  minute 
survey  by  instruments,  to  avoid  loss  of  time,  e»  by  this  more 
rapid  opemtion  any  ground  unsnitable  for  the  proposed  line 
will  be  as  certainly  detected  by  a  person  of  some  experience, 
as  it  could  be  by  the  slow  process  of  an  instrumental  survey. 
Before,  howe\'er,  proceeding  to  make  a  reconnaissance,  a  care- 
ful inspection  of  the  genei-al  maps  of  that  portion  of  the 
country  through  which  the  comnmnication  is  to  pass  will 
facilitate,  and  may  considerably  abridge  the  labors  of  the  en- 
gineer;  as  from  the  natural  features  laid  down  upon  them, 

Particularly  the  direction  of  the  water-courses,  he  will  at  once 
e  able  to  detect  those  points  which  ^^11  be  favorable,  or 
otherwise,  t*>  the  general  direction  selected  for  tlie  line.  Tliia 
will  be  sufficiently  evident  when  it  is  considered — 1,  that  the 
watercourses  are  necessarily  the  lowest  lines  of  tlie  valley's 
thi-uugh  which  they  flow,  and  that  their  direction  must  also  be 
that  of  the  lines  of  greatest  declivity  of  their  respective  vab 
leys;  2,  that  from  the  ixjsition  of  the  water-courses  the  posi* 
iion  also  of  tiae  high  grounds  by  wliich  they  are  separated 
Q&turally  follows^  as  well  aa  the  approximate  po6i"«ion  at  least 
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of  the  ridges,  or  liighest  lines  of  the  high  groimde,  which 
separate  their  opposite  8lo|M28,  and  which  ai*e  at  the  same  time 
the  lines  of  greatest  declivity  conamoii  to  these  bIodcs,  bs  the 
water-courses  are  the  corresponding  lines  of  the  slopes  that 
form  the  valleys. 

Keeping  these  facta  {which  are  susceptible  of  rigid  mathe- 
matical demonstmtion)  in  view,  it  will  be  practicable,  from  a 
careful  examination  of  an  ordinary  general  map,  if  accmutely 
constructed,  not  only  to  trace,  witn  considerable  accuracy,  the 
geneml  direction  of  the  ridges  from  having  that  of  the  water- 
courses, but  also  to  detect  those  depressions  in  them  which 
will  be  favorable  to  the  passage  of  a  common ication  intended 
to  connect  two  main  or  two  secondary  valleys.  The  follow- 
ing ilhiBtrations  may  serve  to  place  this  subject  in  a  cloirer 
a^ect. 

If,  for  example,  it  be  found  that  on  any  portion  of  a  map 
the  water-courses  seem  to  diverge  from  or  converge  towards 
one  point,  it  will  be  evident  that  the  gwnnd  in  the  first  caao 
raust  be  the  common  source  or  supply  of  the  water-courseB^ 
and  therefore  the  highest ;  and  in  the  second  case  that  it  ia 
the  lowest,  and  fonns  their  common  recipient 

If  two  water-courses  flow  in  opposite  directions  from  a  com- 
mon point,  it  will  show  that  this  is  tlae  point  from  which  they 
derive  their  eommcm  supply,  at  the  head  of  their  respective 
valleys,  and  that  it  must  be  fed  by  the  slopes  of  high  gronnda 
above  this  point ;  or,  in  other  words,  that  the  valleys  of  the 
two  water-courses  are  separated  by  a  chain  of  high  grounds, 
which,  at  the  point  where  it  crosses  them,  presents  a  depres- 
sion in  its  ridge,  which  would  be  the  natural  position  lor  a 
communication  connecting  the  two  valleys. 

If  two  water-courses  flow  in  the  same  (direction  and  parallel 
to  each  other,  it  will  simply  indicate  a  general  inclination  of 
the  ridge  between  them,  in  the  same  direction  as  that  of  the 
water-coui-ses.  The  ridge,  however,  may  present  in  its  course 
elevations  and  depressions,  which  will  be  indicated  by  the 
points  in  which  the  water-courses  of  the  secondary  valleys, 
on  each  side  of  it,  intersect  each  other  on  it ;  and  these  will 
be  the  lowest  points  at  which  lines  of  communication,  through 
the  secondary  valleys,  connecting  the  main  water-coursea, 
would  cross  the  dividing  ridge. 

If  two  water-courses  now  in  the  same  direction,  and  paral- 
lel to  each  other,  and  then  at  a  certain  point  assume  di  vei^ut 
directions,  it  will  indicate  that  this  is  tiie  lowest  point  of  the 
ridge  between  them. 

fl  two  water-courses  flow  in  parallel  but  opposite  directiona. 


[lepreRSiong  in  the  ridge  between  them  will  be  shown  by 
the  meeting  of  the  water-courBes  of  the  secondary  valleys  on 
the  ridge ;  or  by  an  approach  towards  each  other,  at  any  point, 
of  tlie  two  principal  water-courses. 

Furnished  with  the  data  obtained  from  the  maps,  the  char 
acter  of  tlie  ground  should  be  caref tilly  stndiea  both  waya 
by  the  engineer,  first  from  the  point  of  departure  to  tliat  of 
arrival^  and  then  returning  fi-om  the  latter  to  the  former,  as 
without  this  double  traverse  natural  features  of  essential  im- 
porfaiice  might  escape  the  eye. 

704,  Surveys.  From  the  results  of  the  reconnaissance, 
the  engineer  will  be  able  to  direct  understAudingly  the  requi- 
•ite  survevfi,  which  consist  in  measuring  the  lengths,  detenn in- 
ing  the  directions,  and  ascertaining  both  the  longitudinal  and 
cross  levels  of  the  different  routed,  or,  as  they  are  termed, 
triaJrlhies^  with  sufBcipnt  accuracy  to  enable  him  to  make  a 
comparative  estimate  lx)th  of  their  practicability  and  cost. 
As  the  expense  of  making  the  requisite  surveys  ts  usually  but 
a  small  item  compared  with  that  of  constructing  the  commu- 
nication, no  labor  should  be  spared  in  running  every  practica- 
ble line,  as  otherwise  natural  features  might  be  overlooked 
which  might  have  an  important  influence  ou  the  cost  of  con- 
struction. 

705,  Map  and  Memoir.  The  results  of  tlie  surveys  are 
accurately  embodied  in  a  map  exhibiting  minutely  the  topo* 
graphical  features  and  sections  of  the  different  trial-lines, 
ana  in  a  memoir  which  should  contain  a  particular  descrip- 
tion of  those  features  of  the  ground  that  cannot  be  shown  on 
a  map,  with  all  such  information  on  other  points  that  may 
be  regarded  as  favorable,  or  otherwise,  to  the  proposed  com- 
munication ;  as,  for  example,  the  nature  of  the  soil,  that  of 
the  water-courses  met  with,  etc.,  etc. 

706,  Xjocation  of  Cozmnon  Roads.  In  selecting  among 
the  different  tnal-lines  of  the  survey  the  one  most  suitable  to 
a  common  road,  the  engineer  is  less  restricted,  from  the 
nature  of  the  conveyance  used,  than  in  any  other  kind  of 
communication.  The  main  points  to  which  his  attention 
ihould  be  confined  are;  1,  to  connect  the  points  of  arrival 
and  departure  by  the  most  direct,  or  shortest  line ;  2^  to 
avoid  unnecessary  ascents  and  descente,  or,  in  other  wtTds,  to 
reduce  the  ascents  and  descents  to  the  smallest  practicable 
limit ;  S,  to  adopt  such  suitable  slopes,  or  gradMnts^  for  the 
aj?M,  or  centre  line  of  the  road,  as  the  nature  of  the  convey- 
suice  may  demand;  4,  to  give  the  axis  such  a  position  with 
regard  to  the  surface  of  the  ground  and  the  natural  obstaclei 


OaiCMOTf   KOADS.  407 

709*  The  gradients  npon  common  irads  will  depen  I  npon 
the  kind  of  material  used  for  the  roatl- covering,  and  upon  the 
atate  in  vvliich  the  road-surfaee  is  kept.  The  gradient  in  all 
cases  should  lie  less  than  the  a^gle  of  repose^  or  of  that  in- 
clination  »>f  the  axis  of  the  road  in  which  the  ordinary 
vehi(*le8  for  transportation  would  remain  at  a  state  of  rc^t,  or, 
if  placed  in  niotii>ii,  would  descend  by  the  action  of  gravity 
with  uniform  velocity* 

The  gnwlients  corresponding  to  the  angle  of  reix)se  have 
been  ascertained  by  experiments  made  npon  the  various  road- 
coverings  in  ordinary  use,  by  allowing  a  vehicle  to  descend 
along  a  road  of  variable  inclination  until  it  was  brought  to  a 
state  of  rest  by  the  retarding  force  of  friction;  also,  by  as- 
certaining the  amount  of  force,  termed  ths  force  of  traction^ 
requisite  to  put  in  motion  a  vehicle  with  a  given  load  on  a 
level  road. 

The  follo^ving  are  the  results  of  experiments  made  by  Mr. 
Macnoill,  in  England,  to  determine  the  force  of  traction  for 
one  ton  upon  level  roads : — 
No.  L  Good  pavement,  the  force  of  traction  is. , . .      33  lbs. 

"    2,  Broken-€tone  surface  laid  on  an  old  flint  road     65  " 

**    3.  Qravelroad... 147  « 

"    4*  Broken-stone  surface  on  a  rough  pavement 

lK>ttom.  - , 46    ^ 

**    5.  Broken-stone  surface  on  a  bottom  of  beton . .     46    *' 

From  this  it  appears  that  the  angle  of  repose  in  the  first 
case  is  repi  evented  by  yff  g,  or  ^  nearly  ;  and  that  the  slope 
of  the  r'*aJ  should  therefore  not  be  greater  than  one  perpendic- 
ular to  sixty-eight  in  length ;  or  that  the  height  to  l>e  overcome 
mu5t  not  be  greater  than  one  sixty-eighth  of  the  distance  be- 
tween the  two  points  measured  along  the  road,  in  order  that 
the  force  of  friction  may  counteract  that  of  gravity  in  the 
direction  of  the  road, 

A  similar  calculation  will  show  that  the  angle  of  repose  in 
the  other  e^ses  will  be  as  follows : 

No,  2, 1  to 35  nearly, 

**   3. Ito.. ..., 15      *' 

"   4  aud  5 ,.1  to 49     ** 

These  numbers,  which  give  the  angle  of  re}>ose  between  ^ 
and  ^  for  the  kind^of  road-C4»vering  Nos.  2  and  4  in  most 
ordinary  use,  and  corresponding  to  a  road-surface  in  gfX)d 
order,  may  be  somewhat  increased,  to  from  ^  to  ^*  for  the 
ordinary  state  of  the  surface  of  a  well-kept  road,  without 
there  being  any  necessity  for  applying  a  bralce  to  the  wheeli 
in  deacendmg,  or  going  out  of  a  trot  iu  ascending.     The 
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wob14  require  to  reedk  ifie  lettie  pouH  oa  a  trot  €rrer  a  ffin. 

A  road  OQ  a  dead  lerelf  or  one  with  a  cootaiied  and  o&t 

form  aaoent  between  tfaepoiBttof  arri^  and  departure,  wham 
Ibej  He  opon  different  levela,  la  not  the  mrjet  faTormble  lo  the 
draJft  of  the  hone.  £adi  of  thoic  aeeaia  lo  fidgae  him  moie 
than  a  line  cf  altemata  aaeenta  and  dtaceDts  of  aligbt  gra 
dJetita;  aa,  for  eayuBp^mdiCTlaof  ^^apoii  whkli  ahona 
will  draw  aa  hearjr  a  loadwith  the  tame  ipeed  aa  QpOA  a  horf* 
zontal  road. 

The  gradlentd  ftboold  in  all  csaaee  be  fedoee^i  aa  fmr  aa  prao- 
ticable,  aa  the  extra  exertion  that  a  horse  nmat  pot  forth  in 
orercofiititg  heavy  gradients  i^  vmr  cotisiderable ;  they  aboald 
aa  a  genem  rale,  therefore^  be  kepi  as  low  at  leiat  aa  J^ 
whoerer  the  ground  will  admit  of  it  Thia  can  ^etiomUy  be 
eflectedt  even  m  aaoending  steep  hill-ftide%  bTginng  the  axia 
ol  the  road  a  aigiag  dirMticio,  conoectiw  the  straight  por- 
tioiia  of  the  zigzap  bj  circular  arcs.  Tbe  gradieuts  of  the 
curved  portiona  or  the  zigzags  ahoold  be  rvwliiced^  and  the 
roadwav  alao  at  these  pointa  be  widened,  for  the  aafetjr  of  t^ 
hiclea  descending  rapidlv.  The  width  of  the  roadway  may 
b^^  e4  about  one-fourth,  when  the  angle  between  the 

iti  .  ,  ^rtiana  of  tbe  xigzaga  ia  from  190^  to 90"^ ;  and  the 
incTiiaBe  ahonld  be  nearly  one-half  where  the  angle  ia  from 
90^  to  60\ 

710.  Having  laid  down  upon  tbe  map  the  approximate  loca- 
tion of  tbe  axia  of  the  rua^i,  a  comparison  can  then  be  made 
toi0ii9^  tke  $olvi  contents  of  ike  eaaoavatiom  ami  em&awj^ 
menUf  which  ahould  be  so  adjusted  that  they  aliall  balance 
each  other,  or^  in  other  words,  the  neceaaary  excavationa  ahaU 
furnish  sufficient  earth  to  fonn  the  embankments.  To  effect 
this,  it  will  frequently  be  nece^arj-  to  alter  the  firat  location, 
by  shifting  the  position  of  the  axis  to  the  right  or  left  of  the 
position  lirst  assumed,  and  also  by  changing  Uie  gradient! 
within  the  prescribed  limits.  This  is  a  problem  of  very  ccn* 
iiderable  intricacy,  whose  solution  can  be  arrived  at  only  by 
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Buccessive  approxlmatious.  For  this  purpose,  the  line  must 
be  subdiridea  into  several  portions,  in  each  of  which  the 
equalization  should  be  attempted  independently  of  the  rest, 
instead  of  trying  a  general  equalization  for  the  whole  line  at 
once. 

In  the  calcnlations  of  solid  contents  required  in  balancing 
the  excavations  and  embankments^  the  most  accurate  method 
csonsists  in  subdividing  the  different  solids  into  others  of  the 
most  simple  geometrical  forms,  as  prisms,  priemoids,  wedges, 
and  pyramids,  whose  solidities  are  readily  determined  by  the 
ordinary  rules  for  the  mensuration  of  solids.  As  this  pro- 
cess, however,  is  frequently  long  and  tedious,  other  methods 
reqniring  less  time,  bnt  not  so  accurate,  are  generally  pre- 
ferred, as  their  results  give  an  approximation  sufficiently 
near  the  true  for  most  practical  purposes.  They  consist  in 
taking  a  nnmber  of  equidistant  profiles,  and  calculating  the 
solid  contents  between  each  pair,  either  by  multiplying  the 
half  sum  of  their  areas  by  the  distance  between  them,  or  else 
by  taking  the  profile  at  the  middle  point  between  each  pair, 
and  multiplying  its  area  by  the  same  length  as  before.  The 
latter  method  is  the  more  expeditious ;  it  gives  less  than  the 
true  solid  contents,  but  a  nearer  approximation  than  the  for- 
mer, which  gives  mf^re  than  the  true  solid  contents,  whatever 
may  be  the  form  of  the  ground  between  each  pair  of  eroas 
profiles. 

In  calculating  the  solid  contents,  allowance  must  be  made 
for  the  dilEerence  in  bulk  between  the  different  kinds  of  earth 
when  occupying  their  natural  bed  and  when  made  into  em- 
bankment. From  some  careful  experiments  on  this  point 
made  by  Mr.  Elwood  Morris,  a  civil  engineer,  and  published 
in  the  Journal  of  the  Franklin  Itufitute,  it  appears  that  light 
sandy  earth  occupies  the  same  space  both  in  excavation  and 
embankment ;  clayey  earth  about  one-tenth  less  in  embankment 
than  in  its  natural  bed  ;  gravelly  earth  also  about  one-twelfth 
less ;  rock  in  large  fragments  about  five-twelfths  more,  and 
m  small  fragments  about  six-tenths  more. 

TLL  Auotuer  problem  connected  with  the  one  in  qnestioit 
is  that  of  detennining  the  lead^  or  the  mean  distance  to  which 
the  earth  taken  from  the  ^cavations  must  be  carried  to  form 
the  embankmente.  From  the  manner  in  which  the  earth  is 
usually  transported  from  the  one  to  the  other,  tliis  distance  is 
usually  that  l>etween  the  centre  of  gravity  of  the  solid  of  ex* 
cavation  and  that  of  its  corresponding  embankment.  What^ 
ever  disix>eition  may  be  made  of  the  solids  of  excavation,  it 
IB  important,  bo  far  as  the  cost  of  their  removal  is  concerned. 
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rhat  the  lead  should  be  the  least  poseihle.  The  eolation  of 
the  prubleni  under  this  point  of  view  will  frequently  be  ex 
trennely  intricate,  and  demand  the  application  of  all  the  re- 
sonrees  of  the  higher  analysis.  One  general  principle, 
h(jwever,  is  to  be  observed  in  all  cases,  in  order  to  obtain  an 
uppmximatc  solntion,  which  is,  that  in  the  removal  of  the 
dinerent  portions  of  the  solid  of  excavation  to  their  con^e- 
ftponding  pf^Bitions  on  that  of  the  embankment,  the  paths 
passed  over  by  their  respective  centres  of  gravity  shall  not 
cross  each  other  either  in  a  horizontal  or  vertical  direction. 
This  may  in  most  cases  be  effet^ted  by  intersecting  the  solids 
of  excavation  and  embankment  by  vertical  planes  in  tlie 
direction  of  the  removal,  and  by  removing  the  partial 
solids  between  the  planes  within  the  bonndaries  marked  out 
by  them* 

712.  The  definitive  location  having  been  settled  by  again 
going  over  the  line,  and  comparing  the  featnres  of  thegronnd 
with  the  results  fnmished  by  the  preceding  operations,  gene- 
ral and  detailed  mai)8  of  tlie  different  divisions  of  the  defini- 
tive location  are  prepared,  which  sliould  give,  with  the 
ntinost  accnrii*!y^  the  longitudinal  and  cross  sections  of  the 
natnral  ground,  and  of  the  excavatioiiB  and  embankments, 
\virh  til©  iiorizontal  and  vertical  measnreraents  carefully  writ- 
ten upon  tliem,  so  that  the  superintending  engineer  may  have 
no  difficulty  in  setting  out  the  work  from  them  on  the 
ground. 

In  addition  to  tJiese  maps,  which  are  mainly  intended  to 
guide  the  engineer  in  regulating  the  earth- work,  detailed 
drawings  of  the  roadcovering,  of  the  masonry  and  caqientry 
jf  tlie  bridges,  culverts,  etc,  accompanied  by  written  specifi- 
cations of  the  manner  in  which  iJie  various  kind  of  work  is 
to  be  performed,  should  be  prepared  for  the  guidance  both 
of  the  engineer  and  workmen, 

713,  With  the  data  furnished  by  the  maps  and  drawings* 
tlie  engineer  can  proceed  to  set  out  the  line  on  the  gi*oumL 
The  axis  of  the  road  is  determined  by  placing  etont  stakes  or 
pickets  at  equal  intervals  apart,  wliicli  at^  numbered  tocorre- 
spond  with  the  same  points  on  the  map.  The  width  of  the 
roadway  and  the  lines  on  the  ground  cor resfhon ding  to  the 
side  slopes  of  the  excavations  and  emliaiikinents  are  laid  out 
in  the  same  manner,  by  stakes  placed  along  the  lines  of  the 
cross  pi*ofiles, 

Iksides  the  numbers  marked  on  the  stakes,  to  indicate  their 
position  on  the  map,  other  numbers,  showing  the  depth  of  the 
excavations,  or  the  height  of  the  ombankmctnts  from  the  sur- 
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face  of  the  ground,  accompanied  by  the  letters  Ou^t,  FilL  to 
indicate  a  euttin^^  or  a  Jtllint/,  as  the  case  may  be,  are  also 
added  to  guide  the  workmen  in  their  operations.  The  posi- 
tions of  the  stakes  on  the  ground,  which  bhow  the  principal 
points  of  the  axis  of  the  road,  should,  moreover,  he  laid  down 
on  the  map  with  great  accuracy ,  by  ascertaining  their  bear- 
ing and  distances  from  any  fixed  and  marked  olneets  in  their 
vicinity,  in  order  that  the  pointa  may  be  readily  found  should 
tlie  stakes  be  subsequently  misplaced. 

714.  Earth- Work.  This  tertii  is  applied  to  whatever  re- 
lates to  the  construction  of  the  excavations  and  emhankmentj*, 
to  prepare  them  for  receiving  the  nmd-covering. 

715.  In  forming  the  excavations,  the  incUnatwn  of  the  mdt 
slopes  demands  peculiar  attention.  This  inclination  will  de- 
pend on  the  natnre  of  the  soil,  and  the  action  of  the  atmos- 
phere and  internal  raoistnre  upon  it.  In  common  soils,  aa 
ordinary  garden  earth  formed  ox  a  mixture  of  clay  and  sand, 
compact  clay,  and  compact  stony  soils,  although  the  side 
slopes  would  withstand  very  well  the  effects  of  the  weather 
with  a  greater  inclination,  it  is  best  to  give  them  two  base  to 
one  perpendicular,  as  the  surface  of  the  roadway  will,  by  this 
arrangement,  be  well  exposed  to  the  action  of  the  sun  and 
air,  wmieh  will  cause  a  rapid  cvapomtion  of  the  moisture  on 
the  surface.  Pure  sand  and  gravel  may  require  a  greater 
slope,  according  to  circumstances.  In  all  cases  where  the 
depth  of  the  excavation  is  great,  the  base  of  the  sloj^e  should 
be  increased.  It  is  not  usual  to  use  any  artiticial  nieans  to 
protect  the  surface  of  tlie  side  slopes  from  the  action  of  the 
weather;  but  it  is  a  precaution  which,  in  the  end,  will  save 
much  labor  and  expense  in  keeping  the  roadway  in  gc»od  or- 
der. The  simplest  means  which  can  be  used  for  this  purpose 
oonsist  in  covering  the  slopes  with  good  sods. (Fig.  219),  or 
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else  with  a  layer  of  vegetable  mould  about  fonr  inches  thicfc 
carefully  laid  and  sown  wiih  grass-seed.  These  means  will 
he  amply  sufficient  to  protect  the  side  slopes  from  injury 
when  they  are  not  exposed  to  any  other  causes  of  deteriora- 
tion than  the  wash  of  the  rain,  and  the  action  of  frost  on  the 
ordinary  moisture  retained  by  the  soih 
The  side  slopes  form  usually  an  unbroken  surface  frnm  tlii 
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forif  If*  tlie  topu    Hot  in  deep  excmTmtioi»,  aod  partiefilitrlj 
mnh  liable  to  riipe,  tbejr  arc  sntnettmes  formea  wUli  baiiaa 
Iml  ofii«;tis  termed  iencie^^  which  are  made  a  fenr  feet      *^ 
aud  bavu  a  ditch  on  the  inner  side  to  reoeiTe  the  aoi 
water  frum  the  portion  of  the  ^de  dope  abc*e  them.     The 
beoefaes  catch  and  retain  the  earth  tW  naar  fall  from 
portioo  of  the  side  slope  abore. 

When  the  side  ilopes  %re  not  protected,  it  will  be  weU^ 
loealities  where  ftone  is  plenty,  to  raiae  a  gmall  wall  of  drj^i 
§tgme  at  the  ftjot  of  tlie  ehipes^  to  prevent  the  waah  of  tlie 
dopes  from  being  carried  into  the  roadway. 

A  covering  of  oniBhwood,  or  a  thatch  of  straw,  may  alao  be 
naed  with  gojd  effect;  but^from  their  perishable  nature,  tbej 
will  require  frequent  renewal  and  repairs*  1 

In  excavations  through  solid  rock,  which  does  not  di^inte^l 
grate  on  exposure  to  the  atTnosphere,  the  side  slopes  mig^t  bal 
made  perpendicular ;  but  as  mis  would  exclade,  in  a  great  { 
degree,  the  action  of  the  sun  and  air,  which  is  essential   to 
keying  the  road-surface  dry  and  in  good  order,  it  will  ha 
necessary  to  make  the  side  slopes  with  an  inclination,  var^^ing 
from  one  base  to  one  perpendicular,  to  one  base  to  two 'per-  j 
pendieular,  or  even  greater,  according  to  the  l<x»ality ;  the  in* 
clinatiun  of  the  elope  on  the  Bouth  side  in  northern  latitudes^ 
being  greatest,  to  expose  better  the  road-snrface  to  the  san'a 
rays. 

Tlie  slaty  rocks  generally  decompose  rapidly  on  tho  sur^ 
face,  when  c.  j^>ut»id  to  moisture  and  the  action  of  frost  The 
side  slopes  in  rocks  of  this  character  may  be  cut  into  stepa] 


Fig.  sn. 

(Fig.  220),  and  then  be  covered  by  a  layer  of  vegetable 
mould  sown  in  grass-seed,  or  else  the  earth  may  be  sodded  in 
the  usual  way. 

716.  The  stratified  soils  and  rocks,  in  which  the  strata  have 
a  d4py  or  inclination  to  the  horizon,  are  liable  to  slipH^  or  tc 
give  way  by  one  stratum  becoming  detached  and  sliding  on 
another,  which  is  caused  either  fr*jm  the  action  of  frost,  or 
fi^im  the  pressure  of  wa^c,  which  insinuates  itself  l>etwBei» 
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the  strata*  The  worst  boiIb  of  this  character  are  thoee  formed 
of  ftlteniate  strata  of  clay  and  sand ;  particularly  if  the  clay 
is  of  a  nature  to  become  6emi*fluid  when  mixed  with  water. 
The  best  preventives  that  can  be  resorted  to  in  these  eases 
are  tx>  adopt  a  thorough  system  of  drainage,  to  prevent  the 
surface-water  of  the  ground  from  nmniug  down  the  side 
slopes,  and  to  cut  oflF  all  springs  which  run  towards  the  road- 
way from  the  side  slopes,  The  surface-water  may  be  cut  off 
by  means  of  a  single  aitch  (Fig.  319)  made  on  the  up-hill  side 
of  the  road^  to  catch  the  water  before  it  reaches  the  slope  of 
the  excavation,  and  convey  it  off  to  the  natural  water-courses 
most  convenient;  as,  in  almost  every  case,  it  will  be  found 
that  tlie  side  sloiie  on  the  down-hill  side  is,  comparatively 
speaking,  but  slightly  affected  by  the  surface-water. 

Where  slips  occur  from  the  action  of  springs,  it  frequently 
becomes  a  very  difficult  task  to  secure  the  side  slopes.  If  the 
sources  can  be  easily  reached  by  excavating  into  the  side 
elopes,  drains  formed  of  layers  of  fascines  or  brush-w(X)d  may 
be  placed  to  give  an  outlet  to  the  water,  and  prevent  its  action 
upon  the  side  slopes.  The  fascines  may  be  covei*ed  on  top 
with  g(Jod  sods  laid  with  the  grass  side  beneath,  and  tiie  exca- 
vation made  to  place  the  drain  be  filled  in  with  gf>od  earth  well 
rammed.  Drains  formed  of  broken  stone,  covered  in  like 
manner  on  top  Avith  a  layer  of  sod  to  prevent  the  drain  from 
becoming  cholced  with  earth,  may  be  used  under  the  same 
circumstances  as  fascine  drains.  Where  the  sources  are  not 
isolated,  and  the  whole  mass  of  the  soil  forming  the  side 
slopes  appears  saturated,  the  drainage  may  be  effected  bv 
excavating  trenches  a  few  feet  wide  at  intervals  to  the  depth 
of  some  feet  into  the  side  slopes,  and  filling  them  with  bmken 
stone,  or  else  a  general  drain  of  broken  stone  may  be  made 
throughout  tlie  whole  extent  of  the  side  slope  bv  excavating 
into  it.  Wlien  this  is  deemed  necessary,  it  will  be  well  to 
arrange  the  drain  like  an  inclined  retaining-wall,  with  but- 
tresses at  intervals  projecting  into  the  earth  farther  than  the 
general  mass  of  the  drain.  The  front  face  of  the  di-ain 
should,  in  this  c^ase,  also  be  covered  with  a  layer  of  sods  with 
the  grass  side  beneath,  and  upon  this  a  layer  of  gt)od  earth 
should  be  compactly  laid  to  form  tlie  face  of  the  side  slopes. 
The  drain  need  only  be  carried  high  enough  above  the  foot 
of  the  side  slone  to  tap  all  the  sources ;  and  it  should  be  sunk 
sttfiiciently  below  the  roadway-surface  to  give  it  a  secure 
footing. 

The  drainage  has  been  effected,  in  some  cases,  by  sinkiug 
wells  or  a/iafta  at  some  distance  behind  the  side  slopes,  frou7 
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tlie  top  Burf&ce  to  tlie  level  of  the  bottom  of  the  excaTation 
and  leadlug  the  water  which  collects  in  them  by  pipes  intc 
drains  at  tne  foot  of  the  Ride  slopes.  In  othei-s  a  narrow 
trench  has  been  excavated,  parallel  to  the  axis  of  the  road, 
from  the  top  surface  to  a  Biifticient  depth  to  tap  all  the  Bources 
which  Huw  towards  the  side  slope,  and  a  drain  formed  either 
by  lilliijg  the  trench  wholly  witli  broken  stone,  or  else  oy  ai 
ranging  an  open  conduit  at  the  bottom  to  receive  the  water 
collected,  over  which  a  layer  of  brusliwood  is  laid,  the  re 
mainder  of  the  ti-ench  being  filled  with  broken  stone. 
Til*  In  forming  the  embankments  (Fig,  Si21),  the  side 


slopes  should  be  made  with  a  less  inclination  than  that  which 
the  earth  naturally  asftumes;  for  the  purpose  of  giWng  them 
greater  duratnlity,  and  to  prevent  the  width  of  the  top  sur- 
face, along  wliit.*h  tlie  roadway  is  made,  from  diminishing  by 
every  change  in  the  side  slopes,  as  it  would  were  they  made 
wi til  the  natural  elope.  To  pn>tect  the  side  slopes  moi^  ef- 
fectual! v,  tliey  should  be  8<^idded,  or  sown  in  grass-geed  ;  and 
the  surlace-watei*  of  the  top  shoulil  not  be  allowed  to  run 
down  them,  as  it  would  soon  wash  them  into  gullies,  and  de- 
stroy the  embankment  In  localities  where  stone  is  plenty,  a 
sustaining  wall  of  dry  stone  may  be  advantageously  substi* 
tuted  for  the  side  slopes. 

To  prevent,  as  far  as  ptxssible,  the  settling  which  takes 
place  m  embankments,  tliey  should  be  foi*med  with  great 
care;  the  earth  beiug  laid  in  successive  layers  of  about  four 
feet  in  thickness,  and  each  layer  well  settfe*!  with  rammers. 
As  this  method  is  very  expensive,  it  is  seldom  resorted  to  ex- 
cept in  works  which  require  great  care,  and  are  of  trifling  ex- 
tent. For  extensive  works,  the  method  usually  followed,  on 
account  of  cctmomy,  is  to  embank  out  from  one  end,  carrying 
for^vard  th^^  %vork  on  a  level  with  the  top  surface.  In  this 
case,  as  th<^»e  must  be  a  want  of  compactneBs  in  the  mass,  it 
would  be  l>ei>t  to  form  the  outsides  of  the  embankment  fiiiit, 
and  i*>  gradually  till  in  towards  the  centre,  in  order  that  the 
earth  may  arrange  itself  in  layers  with  a  dip  from  the  sides 
inwards:  this  will  in  a  great  measure  counteract  any  ten- 
dftncy  to  slips  outward     The  foot  of  the  s'opes  shot  Jd  be  s^ 


COMMON  S0AD8. 


4U 


cured  by  buttreafling  them  either  by  a  low  stone  waU,  or  bv 
fomiiiig  a  slight  excavation  for  the  same  purpoee. 

718.  When  the  axis  of  the  roadway  is  laid  out  on  the  side , 
elope  of  A  hill,  and  the  road-snrfaee  is  formed  partly  by  exca- 
vating and  partly  by  embanking  out,  the  usual  "^and  most 
simple  method  is  to  extend  out  the  embankment  gradually 
along  the  whole  line  of  excavation.  This  method  ia  in&ecure, 
and  no  pains  therefore  should  be  spared  to  give  the  embank- 
ment a  good  f(X)ting  on  the  natuml  surface  upon  which  it 
rests,  particularly  at  the  foot  of  the  slope.  For  this  purpose 
the  natural  surface  (Fig.  222)  should  be  cut  into  steps,  or  off- 


sets, and  the  foot  of  the  slope  be  secured  by  buttrcFsing  it 
a^inst  a  low  stone  wall,  or  a  small  terrace  of  carefully  ram- 
med earth. 

In  Bide-formings  along  a  natural  surface  of  great  inclina- 
tion, the  method  of  construction  just  explained  will  not  be 
eufticiently  secure ;  sustaining-walls  must  be  substituted  for 
the  side  slopes,  both  of  the  excavations  and  emhankments. 
These  walls  may  be  made  simply  of  dry  stone,  when  the  stone 
can  be  procured  in  blocks  of  su&cient  size  to  render  this  kind 
of  construction  of  sufficient  stability  to  resist  the  pressure  of 
the  eaith.  But  when  the  blocks  of  stone  do  not  offer  thifl 
security,  they  must  be  laid  in  mortar  (Fig.  223),  and  hydrau- 
lic moitar  is  the  only  kind  which  will  form  a  safe  construc- 
tion. Tho  wall  which  supplies  the  slope  of  the  excavation 
should  be  carried  up  as  high  aa  the  natural  surface  of  the 
ground ;  the  one  that  sustains  the  embankment  should  be 
miilt  up  to  the  surface  of  the  roadway;  and  a  parapet- wall 
should  be  raised  upon  it,  to  secure  vehicles  fi-om  accidents  in 
deviating  from  the  line  of  the  roadway. 

A  road  may  be  constructed  partly  in  excavation  and  partly 
in  embankment  along  a  rocky  ledge,  by  blaating  the  rock 
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when  the  inclination  of  the  natui^al  surface  le  not  greater  tbAC 
one  [►ci'jjeijdicular  to  two  ba&e ;  but  with  a  greater  inclinatiofi 
than  this,  the  whole  should  be  in  excavation. 
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719.  There  are  examples  of  road  ooDstnictions,  in  loealitiet 
like  the  laflt,  supportea  on  a  framework,  consisting  of  hori- 
eontal  pieces,  wnich  are  firmly  fixed  at  one  end  by  being  let 
into  holes  drilled  in  the  rock,  and  are  sustained  at  the  other 
by  an  inclined  stmt  underneath,  which  rests  against  the  rock 
in  a  shoulder  formed  to  receive  it. 

720.  When  the  excavatitms  do  not  furnish  sufficient  earth 
for  the  embankments,  it  is  obtained  from  excavations  termed 
mde-ciitiingn^  made  at  some  place  in  the  vicinity  of  the  em- 
ban  kment,  from  which  the  earth  can  be  obtained  with  meet 
economy. 

If  the  excavations  famish  more  earth  tlian  is  required  for 
the  cmbaukmeut,  it  is  deposited  in  what  is  termed  ftjnnl-l/ank^ 
on  the  side  of  the  excavation.  The  epoil-bank  should  bo 
made  at  some  di&tance  back  from  the  side  slope  of  the  exca- 
vation, and  on  the  down -hill  side  of  the  top  surface;  and 
suitable  drains  should  be  arranged  to  carry  off  any  water 
that  might  collect  near  it  and  affect  the  side  slope  of  the  ox« 
cavation. 

The  forms  to  be  given  to  side-cuttings  and  spoil-banks  will 
depend,  in  a  great  degree,  upon  thB  hx^ality:  tney  shonld,  aa 
far  as  practicable,  be  such  that  the  coet  of  remrrval  of  the 
earth  shall  be  the  least  possiljle, 

72L  Drainage.  A  syBtem  of  thorough  drainage,  by  which 
the  water  that  filters  tlirough  the  ground  will  be  cut  off  from 
the  soil  beneath  the  roadway,  to  a  de^>th  of  at  least  three  f<»et 
Oelow  the  bottom  of  the  road-covermg,  and  by  which  that 
which  fallti  upon  the  surfa<«e  will  he  speedily  conveyed  o^ 
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b  tore  IT  can  filter  tli rough  the  road-covfering,  is  essential  to 
il*<5  ^ood  coiiditiiMi  of  a  road. 

The  ftiirf ace- water  is  conveyed  off  by  giving  the  surface  of 
the  roadway  a  slight  transverse  convexity,  from  the  middle 
to  the  sides,  where  the  water  is  received  into  the  gutters,  or 
ifide^hannds^  from  whicii  it  is  conveyed  by  underground 
aqueducts,  termed  cidmrts^hiiWi  of  stone  or  brick  and  usnallv 
arched  at  top,  into  the  main  drains  that  communicate  with 
the  natural  water-couraes.  This  convexity  is  regulated  by 
making  the  figure  of  the  profile  an  ellipse,  of  which  the  semi- 
transverse  axis  is  15  feet,  and  the  semi-conjugate  axis  9  inches; 
thus  placing  the  middle  of  the  roadway  nine  inches  above  the 
bottom  of  the  side  channels.  This  convexity,  which  is  as  great 
as  should  be  given,  will  not  be  sufficient  m  a  flat  country  to 
keep  the  road-surface  dry ;  and  in  such  loc44lities,  if  a  slight 
longitudinal  slope  cannot  be  given  to  the  road,  it  should  be 
raided,  when  practicable,  three  or  four  feet  above  the  general 
level ;  both  on  account  of  conveying  oflf  speedily  the  surface- 
water,  and  exposing  the  surface  better  to  the  action  of  the 
wind. 

To  drain  the  soil  beneath  the  roadway  in  a  level  country, 
ditches,  termed  open  side  drains  (Fig.  224),  are  made  paral- 
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lei  to  the  road,  and  at  some  feet  from  it  on  each  side.  The 
bottom  of  the  side  drains  should  be  at  least  three  feet  below 
the  road-covering ;  their  size  will  depend  on  the  nature  of  the 
soil  to  be  drained  In  a  cultivated  country  the  side  drains 
should  be  on  the  field  side  of  the  fences. 

As  open  drains  would  \te  soon  filled  along  the  parts  of  a 
road  in  excavation,  by  the  washings  fnim  the  side-slopes 
covered  drains,  built  either  of  brick  or  stone,  must  be  snbsti 
tuted  for  them.  These  drains  (Fig.  225)  consist  simply  of  a 
flooring  of  flagging  stone,  or  of  brick,  with  two  side  walls  of 
27 
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nibblo,  or  brick  masonrj,  which  eupport  a  top  covering  ol 
flat  fltunes,  or  of  brick,  with  open  joints,  of  about  half  an 
iudi,  to  ^ive  a  free  paasage-wav  to  the  water  into  tlie  drain. 
The  top  m  covered  with  a  layer  cf  straw  or  bmshwood  ;  and 
cltmii  unravel,  or  broken  stone*  in  gmall  fragniente,  is  laid  over 
this,  tor  the  purpose  of  allowing  the  water  to  filter  freely 
tlirongh  to  the  drain,  without  carr}  ing  with  it  any  earth  or 
Bodinient,  which  might  in  time  accumulate  and  clioke  it. 
The  width  and  height  of  covered  drains  will  dcriend  on  the 
material  of  which  they  are  built,  and  the  quantity  of  water 
to  which  they  yield  a  passage. 
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Be&ideB  the  longitudinal  covered  drains  in  cuttings,  other 
drains  are  made  under  the  roadway  which,  from  their  form, 
are  teniied  cross  mitre  drains,  Ttlieir  plan  is  in  shape  like 
the  letter  V,  the  angular  point  bein^  at  the  centre  of  the 
road,  and  pointing  in  the  direction  of  its  ascent  The  angle 
shcjuld  be  so  regulated  that  the  l>ottoni  of  the  drain  shall  not 
have  a  greater  slope  alon^  either  of  its  branches,  than  one 
perpendicular  to  one  hundred  base,  to  presence  the  masonry 
from  damage  by  the  current.  Tlie  const  ruction  i>f  mitre 
drains  is  the  same  as  the  covered  longitudinal  drains.  They 
should  be  placed  at  intervals  of  about  60  yards  from  each 
other. 

In  some  cases  surface  drains,  termed  cntrh-wattr  drains^ 
are  made  on  the  side  slopes  of  cuttinga.  They  are  run  up 
obliquely  along  the  surface,  and  empty  directly  mto  the  cross 
drains  which  convey  the  water  into  the  natural  water- courses. 

\V1ien  the  roadway  is  in  side-forming,  cross  drains  of  the 
ordinary  fonn  of  culverts  are  made  to  convey  the  water  from 
the  side  channels  and  the  covered  drains  into  the  natural 
water-courses.  They  should  be  of  eufiicient  dimensions  to 
convey  off  a  large  volume  of  water,  and  to  admit  a  man  to 
pass  througli  them  so  that  they  may  be  readily  cleared  out, 
or  even  repaired,  without  breaking  up  the  roadway  orer 
them. 

The  only  di^ins  required  for  embankiu'ents  are  the  ordi- 
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Wiry  side  channels  of  the  roadway,  with  occasional  culverts  to 
convey  the  water  from  them  into  the  natural  water-con i-sea 
Great  care  shonld  be  taken  to  prevent  the  enrf ace-water  fi'oin 
rouning  down  the  side  slopes,  slb  they  would  Eoon  be  washed 
into  gulh^s  by  it 

Very  wet  and  marshy  soils  require  to  be  thoroughly  drained 
before  the  roadway  can  be  made  with  safety.  The  best 
system  that  can  be  followed  in  such  eases  is  to  cut  a  wide 
and  deep  open  main-drain  on  each  side  of  the  road,  to  con- 
vey the  water  to  the  natural  water* courses.  Covered  cross 
drains  should  be  made  at  frequent  intervals,  to  drain  the  soil 
under  the  roadway.  They  should  be  sunk  as  low  as  will  ad- 
mit of  the  water  running  from  them  into  the  main  drains, 
by  giving  a  slight  slope  to  the  bottom  each  way  from  the 
centre  of  the  road  to  facilitate  its  flow. 

Independently  of  the  drain^e  for  marshy  soils,  tliey  will 
require,  when  tJie  subsoil  is  or  a  spongi'y,  elastic  nature,  an 
artificial  bed  for  tlie  road  covering.  This  bed  may,  in  some 
cases,  be  formed  by  simply  removing  the  upper  etratum  to  a 
depth  of  several  ieet,  and  supplyihg  its  place  with  well- 
packed  gravel,  or  any  soil  of  a  finn  character,  Li  other  ea=-eB, 
when  the  subsoil  yields  readUy  to  the  ordinary  pressure  that 
the  road-surface  must  bear,  a  bed  of  brushwood,  from  9  to  18 
inches  in  thickness,  must  be  formed  to  receive  the  soil  on 
which  the  road-covering  is  to  rest.  The  brushwood  should  be 
carefully  selected  from  the  long  straight  slender  shoots  of  tlie 
branches  or  undergrowth,  and  he  tied  up  in  bundles,  termed 
fajieinesj  from  9  to  13  inches  in  diameter,  and  fmm  10  to  20 
feet  long.  The  fascines  are  laid  in  alternate  layers  crosswise 
and  lengthwise^  and  the  layers  are  either  connected  by  pick- 
ets, or  else  the  witlies,  with  which  the  fascines  are  bound,  are 
cut  to  allow  the  brushwood  to  form  a  uniform  and  compact  bed. 

This  method  of  securing  a  good  bed  for  structures  on  a 
weak  wet  soil  has  been  long  practised  in  Holland,  and  ex- 
perience has  fully  tested  its  excellence. 

722.  Road-ooveringa.  The  object  of  a  road-covering  being 
to  diminish  the  resistances  arising  from  oollision  and  friction, 
and  thereby  to  reduce  the  force  of  traction  to  the  least  prac- 
ticable amount,  it  should  be  comi.K}sed  of  hafd  and  durable 
materials,  laid  on  a  firm  foundation,  and  present  a  uniform, 
even  surface. 

The  material  in  ordinary  use  for  road-coverings  is  stone, 
in  tbe  shape  of  blocks  of  a  regular  form,  or  of  large  round 
pebbles,  termed  a  pavement^  or  broken  into  small  angular 
masses ;  or  in  the  form  of  graveL 
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723.  Pavements.  The  pavementfi  in  matt  general  use  ii 
our  ccmnti^  are  coiistructea  of  roimded  pebDleB,  known  m 
parnntj  Btonm^  varjiufij  from  3  to  8  inches  m  diameter,  which 
are  set  in  Vkform^  or  oed  of  clean  sand  or  gravel,  a  foot  or 
two  in  thieknese,  which  is  laid  upon  the  natural  soil  excavated 
to  i-eceive  the  fomi.  The  Ingest  stones  are  placed  in  the 
centre  of  tlie  roadway.  The  Btones  are  carefully  set  in  the 
form,  IB  close  contact  with  each  other,  and  are  then  finnly 
settled  by  a  heavy  rammer  until  their  tops  are  even  with  the 
general  surface  of  the  roadway,  which  should  be  of  a  slightly 
convex  shape,  having  a  elope  of  about  ^from  tlie  centre 
each  way  to  the  sides.  After  the  stones  are  driven,  the  road- 
surface  18  covered  with  a  layer  of  clean  sand,  or  fine  gravel, 
two  or  three  inches  in  thiclniess,  which  is  ^radnallv  worked 
in  between  the  stones  by  the  combined  action  of  tlie  travel 
over  the  pavement  and  of  the  weather. 

The  defects  of  pebble  pavements  are  obvious^  and  oon» 
firmed  by  experience.  Tlie  form  of  sand  or  gravel,  as 
usually  made,  is  not  sufficiently  firm :  it  should  be  made  in 
separate  layers  of  about  4  inches,  each  layer  being  moistened 
and  well  settled  eitlier  by  ramming,  or  passing  a  heavy  roller 
over  it.  Upon  the  form  prepared  in  tJiis  way  a  layer  of 
loose  material  of  two  or  three  inches  in  thickness  may  be 
placed  to  receive  the  ends  of  the  paving  stones.  From  the 
form  of  the  pebbles,  the  retsiatance  to  traction  arising  from 
collision  and  friction  is  very  great 

Pavements  termed  stone  tramways  have  been  tried  in  some 
of  the  cities  of  Europe,  both  for  light  and  heav^y  traffic. 
They  are  formed  by  laying  two  lines  of  long  stone  !>locks  for 
the  wheels  to  mo  on,  with  a  pavement  of  pebble  for  the  horse- 
track  between  the  wheel-tracks.  In  cn»wdod  thoronghtai^ea 
traiinvays  offer  but  few  if  any  advantages,  as  it  is  impracticable 
to  conhne  the  vehicles  to  tiiem,  and  when  cxjm&od  to  heavy 
traffic  they  wear  into  ruts.  The  stone  blocks  should  be  care- 
fully laid  on  a  very  tirni  bottoming^,  and  particular  attention 
IS  remiisite  to  prevent  ruts  from  fonning  between  the  blocks 
and  the  pebble  pavement. 

Stone  suitable  for  pavements  should  be  hard  and  tough,  and 
not  wear  smooth  under  tlie  action  to  which  it  is  exposed* 
Some  varieties  of  granite  have  been  found  in  England  to 
furnish  the  best  paving  blocks.  In  Fmnce,  a  very  liue-grained 
compact  gray  sandstone  of  a  bluish  east  is  mostly  in  use  for 
tlie  same  purpose,  but  it  wears  quite  smooth. 

The  sand  used  for  forms  should  be  clean  aud  free  from  peb- 
bles and  gravel  of  a  larger  grain  tlia'i  about  two-tenths  ^f  an 
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inch.  The  form  should  be  made  by  moisteaing  the  gand,  and 
compreasing  it  in  layere  of  about  four  inches  in  thickness, 
either  by  ramming,  or  by  passing  over  each  layer  several  rimes 
a  heavy  iron  roller.  Lpon  the  top  layer  ab<:nit  an  inch  uf 
ko^  Band  may  be  spread  to  receive  the  blocks ;  the  jotute 
between  whicTi,  after  they  are  placed,  should  be  carefully 
filled  with  sand. 

The  sand  form^  when  carefully  made,  presents  a  very  firm 
and  stable  foundation  for  the  pavement. 

WtMjden  pavements,  fonnea  of  blocks  of  wood  of  various 
shapes,  have  been  tried  in  England  and  several  of  our  cities 
witnin  the  last  few  years,  and  notwithstanding  they  decay  in 
a  few  ye^rs,  yet  they  are  extensively  nsed  in  many  of  onr  larc^e 
cities.  The  travel  uptjn  them  is  so  free  f rora  noise,  and  the 
surface  is  so  smooth,  that,  on  those  streets  where  the  haulage 
of  heavy  articles  is  not  excessive,  many  property  holders  prefer 
to  renew  a  wooden  pavement  every  elgnt  or  ten  years,  than  bo 
annoyed  with  the  noise  and  the  roughness  of  stone  pavements 
They  are  especially  desirable  upon  those  streets  which  ai-e  t>c- 
copied  bv  residences. 

AsphaUic  pavements  have  undergone  a  like  trial,  and 
have  been  found  to  fail  after  a  few  years'  service.  This 
material  is  farther  objectionable  as  a  paveinent  in  cities  where 
the  pavements  and  sidewalks  have  frequently  to  be  disturbed 
for  the  purposes  of  repairing,  or  laying  down  sewers,  water- 
pipe^,  and  other  necessary"  con%*eniences  for  a  city. 

The  best  system  of  pavement  is  that  which  has  been 
partially  pat  in  practice  in  some  of  the  commercial  cities  of 
England,  the  idea  of  which  seems  to  have  been  taken  from  the 
excellent  militarj"  roads  of  the  Romans,  vestiges  of  which  re- 
main at  the  present  day  in  a  good  state. 
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In  con8truc*ting  this  pavement,  a  bed  (Fig.  226)  is  first  pre- 
pared, by  removing  the  surface  of  the  soit  to  the  depth  of  a 
toot  or  more,  to  obtain  a  firm  stratum ;  the  surface  of  this  lied 
receives  a  very  slight  convexity,  of  about  two  inches  to  ten 
ti^t,  from  the  centre  to  the  sides  of  the  roadway.  If  the  soil 
H  of  a  loft  clayey  nature,  into   which  emalf  fragments  of 
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broken  stone  would  be  easily  worked  by  the  wheels  of  vehicle 
it  shell  Id  be  excavated  a  hx)t  or  two  deeper  to  itseeive  a  fvrv 
of  Band,  or  of  cleaTi  fine  gravel.     On  the  surface  of  the  bed 
thn§  prepared^  a  layer  of  small  broken  stone,  four    inches 
thick,  is  laid;  the  dimensions  of  tbese  fragments  should  not 
be  greater  than  two  and  a  half  inches  in  any  directiou ;  tlia 
road  IB  then  opened  to  vehielea  until  this  first  layer  become 
perfectly  compact;  care  being  taken  to  fill  up  any  nits  with] 
tre^h  stone,  in  order  to  obtain  a  uniform  surrace.     A  second  J 
layer  of  stone,  of  the  same  thickness  as  the  first,  is  then  latdl 
on,  and  treated  in  the  same  manner;  and  finally  a  third  layer. 
When  the  third  layer  has  become  perfectly  compact,  aiid  is 
of  a  uniform  surface,  a  layer  of  fine  clean  gravel,  two  and  a 
half  inchee  thick,  is  spread  evenly  over  it  to  receive  the 
paving  stones.    The  blocks  of  stone  are  of  a  square  shape,  and 
of  different  sizes,  according  to  the  nature  of  the  travelling 
over  the  pavement     The  largest  size  are  ten  inches  thick^^ 
nine  inches  broad,  and  twelve  inches  long;  the  sraalleat  are' 
BIX   inches  tliick,  five  inches   broad,  and   ten   inches   long. 
Each  block  is  carefully  settled  in  the  form,  by  means  of  a 
heavy  beetle;  it  is  then  removed  in  order  to  cover  the  side  of 
the  one  against  which  it  is  to  rest  with  hydraulic  mortar; 
this  beine  done,  tlie  block  is  replaced,  and  properly  adjusted. 
The  blocks  of  the  diflfereut  coiu^ses  across  the  roadway  should 
break  joints.     The  surface  of  the  road  is  convex;  the  con* 
vexity  being  determined  by  making  the  outer  edges  six  inches 
lower  than  the  middle,  for  a  widtli  of  thirty  feet* 

This  system  of  pavement  f ultils  in  the  best  manner  all  the 
requisites  of  a  good  roadn^overing,  pi-esenting  a  hard  even 
surface  to  the  action  of  the  wheels,  and  reposing  on  a  firm 
bed  formed  by  the  broken-stone  bottoming.  The  mc^rtar- 
joints,  BO  long  as  they  remain  tight,  will  effectnally  prevent 
the  i>enetration  of  water  beneath  the  pavement;  but  it  is 
pn>bable,  from  the  effect  of  t-he  transit  of  heavily-luden 
vehicles,  and  from  the  expansion  and  contraction  of  the  stone, 
which  in  our  climate  is  found  to  be  very  considerable,  thai 
the  mortar  would  soon  be  crushed  and  washed  out. 

In  France,  and  in  many  of  the  large  cities  of  the  continent, 
ihe  pavements  are  irta/ie  with  bhcks  of  rough  stone  (jf  a  imbi' 
cal  form  measuriug^ between  eight  and  nine  inches  along  the 
edge  of  the  cube,  The.se  are  laid  on  a  form  of  sand  of  only  a 
few  inches  thick  when  the  soil  beneath  is  firm ;  but  in  bad  soile 
the  thickness  is  increased  to  from  six  to  twelve  inches.  The 
transversal  joints  are  usually  continuous,  and  those  in  the 
direction  of  the  axis  of  the  road  break  joints.     In  some  ca&e« 
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the  blocks  are  so  kid  that  the  jointa  make  an  angle  of  45**  with 
the  axis  of  the  roadway,  one  set  being  contiiiiious,  the  other 
breaking  joints  with   them.     By   this   arrangement  of   t!ie 

{'oints,  it  is  said  that  the  wear  upon  the  edges  of  the  blocks, 
}y  which  the  upper  snrface  soon  assumes  a  convex  shape,  i? 
diminished.  It  nas  been  ascertained  by  experience  that  the 
wear  npon  the  edges  of  the  blocks  is  greatest  at  the  joints 
which  run  transverael v  to  the  axis  when  the  blocks  are  laid  in 
the  nsnal  manner.  From  the  experiments  of  M.  Morin,  to 
ascertain  the  inflnence  of  the  shape  of  stone  blocks  on  the 
force  of  traction,  it  was  found  that  tlie  resistance  offered  by  a 

Eavement  of  blocks  averaging  from  five  to  six  inclies  in 
readth,  measured  in  the  direction  of  the  axis  of  the  rc»ad- 
wav,  and  abt)ut  nine  inches  in  length,  was  less  tlian  in  one  of 
cnbical  blocks  of  the  ordinary  size. 

Pavements  in  cities  must  be  accompanied  by  sidmoalX^s 
and  ero88ifbg-2}l4X(\es  for  foot-passengers.  The  sidewalks  are 
made  of  large  flat  flagging-stone,  at  least  two  inches  thick, 
laid  on  a  form  of  clean  gravel  well  rammed  and  settled.  The 
width  of  the  sidewalks  will  depend  on  the  street  beiu^  more 
or  less  frequented  by  a  crowd.  It  would,  in  all  cases,  oe  well 
to  have  them  at  least  twelve  feet  wide  ;  they  receive  a  slope, 
or  pitch,  of  one  inch  to  ten  feet,  towards  the  pavement,  to 
convey  the  surface-water  to  the  side  channels.  The  pavement 
ia  separated  from  the  sidewalk  by  a  row  of  long  slabs  set  on 
their  edges,  termed  eurb-st'OTheSy  which  confine  ooth  the  flag- 
ging and  paving  stones.  The  curb-stones  form  the  sides  of 
uie  side  channels,  and  should  for  this  purpose  project  six 
inches  above  the  outside  paving  stones,  and  be  sunk  at  least 
four  inches  below  their  top  surface ;  they  should,  moreover, 
be  flush  with  the  upper  surface  of  the  sidewalks,  to  allow  the 
water  to  run  over  into  the  aide  channels,  and  to  prevent  acci- 
dents which  might  otherwise  happen  from  their  tripping 
persons  passing  in  haste. 

The  crossings  should  be  from  four  to  six  feet  wide,  and  be 
slightly  raised  above  the  general  surface  of  the  pavement,  to 
keep  them  free  from  mud. 

724.  Broken<stone  Road-oovering.  The  ordinary  road- 
covering  for  common  roads,  in  use  in  this  country  and  Eu- 
ifjjie,  is  formed  of  a  coating  of  stone  broken  into  small  frag- 
ments, which  is  laid  either  upon  the  natural  soil,  or  upon  a 
paved  bottoming  of  small  irregular  blocks  of  stone.  Id 
England  these  two  systems  have  their  respective  partisans; 
the  one  claiming  the  superiority  for  road-coverings  of  stone 
broken  ii  to  small  fragments,  a'^  method  brought  into  vogue 
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ioine  Tears  since  by  Mr.  McAdam,  from  whom  these  roadi 
have  oeeti  termed  m^ieadamised /  the  otter  )>eing  the  plan 
|)nj*sned  by  Mr.  Telford  in  the  great  national  roads  construct- 
ed in  Great  Britain  within  aboat  the  same  period. 

The  subject  of  road-making  has  within  tlie  last  few  years 
excited  renewed  interest  and  discussion  amon^if  engineers 
in  France;  the  conchision,  di-awn  from  expenence,  there 
penorally  adopted  is,  tliat  a  covering  alone  or  stone  broken 
into  small  fragments  is  snfiicient  under  the  heaviest  traffic 
and  mo6t  frequented  roads.  Some  of  the  French  engineer? 
recommend,  in  very  yielding  clavey  soils,  that  either  a  paved 
bottoming  after  Telford^s  method  be  resorted  to,  or  that  the 
soil  be  well  compressed  at  the  surface  before  placing  the 
road-covering. 

The  paved  bottom  road-covering  on  Telford's  plan  (Fig. 
224),  is  formed  by  excavating  the  surface  of  the  ground  to  a 
suitable  depth,  and  preparing  the  form  for  the  pavement  with 
tlie  precautions  as  for  a  common  pavement.  OkK^ks  of  stone 
of  an  irregular  pyramidal  shape  are  selected  for  the  pave- 
ment, which,  for  a  roadway  30  feet  in  width,  should  he  seven 
inches  thick  for  the  centre  of  the  road,  and  three  inches 
thick  at  the  sides.  The  base  of  each  block  should  not 
meiiaure  more  than  five  inches,  and  the  top  not  leas  tlmn  four 
inches. 

The  blocks  are  set  by  the  hand,  with  great  care,  as  closely 
in  contact  at  their  bases  as  practicable;  and  blocks  of  a 
suitable  size  are  selected  to  give  the  surface  of  the  jjavement 
a  slightly  convex  shape  from  the  centre  outwards.  The 
spaces  between  the  blocks  are  tilled  with  chippings  of  stone 
oompactly  set  w4th  a  small  hammer. 

A  layer  of  broken  stone,  four  inches  thick,  is  laid  over  this 
pavement,  for  a  width  of  nine  feet  on  each  side  of  the  centre  ; 
no  fragment  of  this  layer  should  measure  over  two  and  a  half 
inches  in  any  direction,  A  layer  of  broken  stone  of  smaller 
dimensionSj  or  of  clean  cH>arse  gravel,  is  spread  over  the  wing« 
to  tlie  same  depth  as  the  centre  layer. 

Tlie  road-covering,  thus  prepai-ed,  is  thrown  open  to  vehi- 
cles until  the  upper  layer  has  become  perfectly  ccnupact ; 
car©' having  been  taken  to  till  in  tlie  ruts  with  fresh  stone, 
in  order  to  obtain  a  uniform  surface.  A  second  layer,  about 
two  inches  in  depth,  is  then  laid  over  the  centre  of  the  rtmd- 
way ;  and  the  wnngs  receive  also  a  layer  of  new  material  kid 
on  to  a  sufficient  thickness  to  make  the  outside  of  the  roadway 
nine  inches  lower  than  the  centre,  by  giving  a  slight  convexi- 
ty to  the  surface  frotu  the  centre  outwards.    A  coating  of 
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eleaii  coarse  gravel,  one  inch  and  a  half  thick,  termed  a 
hiiidijigy  b  spread  over  the  surface,  and  the  road-covering  ia 
then  ready  to  be  thrown  open  to  tmvelling. 

The  stone  used  for  the  pavement  may  be  of  an  inferior 
quality,  in  hardness  and  strength,  to  that  placed  at  the  snrfaee, 
as  it  is  but  little  exposed  to  the  wear  and  tear  occasioned  by 
travelling.  The  surface-stone  should  be  of  the  hardest  kind 
that  can  be  procured.  The  gravel  binding  is  laid  over  the 
sarface  to  facilitate  the  travelling,  whilst  the  under  stratum 
of  stone  is  still  loose ;  it  is,  however,  hurtinl,  as,  by  working 
in  between  tlie  broken  stones,  it  prevents  them  from  setting 
as  compactly  as  they  w<nild  otherwise  do. 

If  the  roadway  cannot  he  paved  the  entire  width,  it  shonld, 
at  least,  receive  a  pavement  for  the  width  of  nine  feet  on 
each  side  of  the  centre.  The  wings,  in  this  cai^e,  may  be 
formed  entirely  of  clean  gravel,  or  of  chippings  of  stone. 

For  roads  which  are  not  much  tmvellecf,  like  the  ordinary 
cross  roads  of  the  country,  the  pavement  will  not  demand  so 
much  care ;  but  may  be  made  of  any  stone  at  hand,  broken 
into  fragments  of  such  dimensions  tliat  no  stone  shall  weigh 
over  four  pounds.  The  surface^coating  may  be  formed  in  the 
manner  just  described. 

725,  lu  forming  a  road-ceverino  of  broken  stone  ahne^ 
the  bed  for  the  covering  is  arranged  in  the  same  maimer  aa 
for  the  paved  bottoming :  a  layer  of  the  stone,  four  inches  in 
thickness,  is  carefully  spread  over  tlie  bed,  and  the  road  ia 
thrown  open  to  vehicles,  care  being  taken  to  fill  the  ruts,  and 
preserve  the  surface  in  a  uniform  state  imtil  the  layer  has  be- 
C4)uie  compact ;  successive  layei^  are  laid  on  and  ti*eated  in 
the  same  manner  as  the  first,  until  the  covering  has  received 
a  thickness  of  about  twelve  inches  in  the  centre,  with  the 
ordinary  convexity  at  the  surface. 

726.  Gravel  Roads.  Where  good  gra/vd  can  be  procured 
the  road-covering  mav  be  made  of  this  material,  whicn  should 
be  well  screenecij  aiicJ  all  pebbles  found  in  it  over  two  and  a 
half  inches  in  cUameter,  shoubl  be  broken  into  fragments  of 
not  greater  dimensions  than  these.  A  firm  level  form  having 
been  prepared,  a  layer  of  gravel,  four  inches  in  thickness,  is 
laid  on,  and,  when  this  has  become  compact  from  the  travel, 
successive  layers  of  about  three  inches  in  thickness  are  laid 
on  and  treated  like  the  first,  until  the  covering  has  received 
a  thickness  of  sixteen  inches  in  the  centre  and  the  ordinary 
convexity. 

The  Superintending  Engineer  of  Central  Park,  of  N"ew 
York  City,  Mr.  W.  II.  Grant,  made  experiments  upon  Telford^ 
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McAdam,  aii<l  gravel  roads  in  the  Park,  and  he  came  to  the 
CHiiclusion  that  the  gravel  roads,  as  thei-e  eoMstrm'ted,  were 
better  for  tl»c  pnrposes  of  park  roada  than  either  of  the 
othere.  (Journal  of  the  Franklin  Imttitute^  1867*  VoL  S4, 
p.  2330 

The  gravel  roads  which  were  ccmstructed  by  him  liad  a 
nibble,  or  hroken-stoiiQ  foundation,  over  which  was  passed  a 
very  lieavy  roller ;  arid  upon  wliieh  was  placed  layera  of  gravel ' 
which   were   tlioroiigldy    rolled.      In   some   cases   screened  I 

f ravel  was  n&ed,  ami  in  other-s  grave!  directly  from  the  lied.j 
*aved  foniidations  for  rcceiving  the  gravel  make  the  road 
much  more  (hirable,  although  the  original  cost  is  cansiderably 
increased  thereby,  litmds  of  this  kind,  wliieh  are  constantly 
used,  ehonh]  be  frequently  repaired,  and  the  additional  lavem 
of  gravel  should  l»e  thoroiignlv  pressed  with  a  heavy  roller. 
For  detailed  information,  8ee  Journal  of  the  Franklin  Instp- 
tute.  1867.  Vol.  83,  pp.  100,  153,  233,  297  and  391,  and  Vol. 
84,  pp.  233  and  311. 

727,  As  has  been  already  stated,  the  Fi'ench  civil  engineers 
do  Tiot  regard  a  paved  bt»ttotnin(j  a&  eseential  frjr  bi^oken-stone 
road-coverings,  excci>t  in  eases  ot  a  very  heavy  traffic,  or  where 
the  substratum  of  the  road  h  of  a  very  yielding  character. 
They  also  give  less  tbk-knesB  tu  the  road-covering  than  the 
English  engineers  of  Telft^rd's  ediool  deem  noce^ssary  ;  allow- 
ing not  more  than  six  to  eight  inches  to  road-covcri ngs  for 
ligiit  tralhe,  and  ahont  ten  inches  only  for  the  heaviest  traffic. 
If  the  soil  nptm  which  the  ruad*covering  is  to  be  placed  is 
not  dry  atid  firm,  /hey  compress  it  by  roUing^  which  is  done 
by  passing  over  it  several  times  an  iron  cylinder,  about  eiJC 
feet  in  diameter,  and  fcuir  feet  in  length,  the  weight  of  which 
can  be  increase*!,  by  additional  weights,  from  six  thousand  to 
about  twenty  thoutjuud  pounds.  The  road  material  is  ]ilaced 
upon  the  bed,  when  well  compressed  and  levelled,  in  layei*8 
ot  about  four  inches,  each  layer  being  com]}rc8scd  by  passing 
the  cylinder  several  times  over  it  before  a  new  one  is  laid  on. 
If  the  operation  of  rtjUing  is  perf<u-mcd  in  dry  %vealher,  the 
layer  of  stone  is  watered,  and  some  add  a  thin  layer  of  clean 
Band,  from  four  to  eight  tentlia  of  an  inch  in  thickness,  over 
each  layer  before  it  is  rolled,  for  the  purjioso  of  consolidating 
the  surface  of  the  layer,  l>y  filling  the  voids  between  the 
broken-«tono  fragments.  After  the  surface  has  been  well 
consolidated  by  rolling,  the  road  is  thrown  open  for  travel, 
and  nil  ruts  and  other  displacement  of  tlio  stone  on  the  sur- 
face are  carefully  repaired,  by  adding  freah  material,  and 
levelling  the  ridges  by  ramming. 
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Great  importance  is  attached  by  the  French  etigineers  to 
the  use  of  the  iron  cylinder  fur  coTiipressing  the  materials  uf 
a  new  road,  and  to  minute  attention  to  daily  repaii-s.  It  is 
stated  that  by  tlie  UBe  of  the  eylliider  the  road  is  presented 
at  once  in  a  good  travelling  condition  ;  the  wear  of  the  ma- 
terials  is  less  than  by  the  old  method  of  gradually  coneoli- 
dathig  tliem  by  tlie  travel;  the  cost  of  repaire  dnriTig  the 
fii*&t  year  is  diniinislied ;  it  gives  to  the  nvad 'covering  a  more 
unifonn  thickness,  and  admits  of  its  being  thJoner  than  in  the 
liBual  method. 

The  iron  roller  is  now  moved  by  a  loeomotivey  to  which  it 
is  attached  by  a  suitable  gearing,  that  admits  of  reversing,  so 
as  to  travel  l>ackward  and  forward  over  the  road  surface. 

728.  Aspbaltio  Roadw^ays  and  Side^^aiks.  In  pre- 
paring roadways  with  an  asphaltic  surface,  the  ground  or 
subsoil  is  tiret  made  level  crosswise,  and  very  compact,  by 
rolling  it  witii  a  heavy  cylinder.  Upon  this  a  bed  of  hy- 
dranlic  concrete,  consisting  of  one  part  in  volume  of  by- 
draulic  mortar,  to  two  and  a  quarter  parts  in  vohime  of 
gravel,  is  laid  to  the  thickness  of  two  and  a  half  inches. 
This  foundation  is  allowed  to  become  perfectly  hard  and  dry 
before  the  asphalt  is  laid  over  it. 

The  asphaltic  rock  reduced  to  powder  by  the  ordinary  pix>- 
cesa  is  utiiformly  spread  over  the  conci'ete  bed,  tlie  surface  of 
which  should  lie  thoroughly  dry  before  receiviiig  the  mastic, 
to  the  deptli  of  two  to  two  and  a  half  inches.  This  will  pro- 
duce a  layer  of  jpacked  material  varying  from  one  and  three- 
quarters  to  two  inches  in  thickness. 

Tlie  packing  is  done  with  hoi  irons  or  pestles,  w^orked  by 
hand,  and  applied  lightly,  so  as  to  produce  a  uniform  smw>tn 
surface*  After  the  upper  bed  is  compressed  in  this  manner 
to  a  proper  thickness,  a  thin  coat  of  fine  dry  powder,  tlie 
Biftiugti  of  earth  or  of  mineral  coal  ashes,  is  spread  over  the 
surface  to  till  up  inequalities,  and  the  surface  is  again 
smoothed  over  by  a  flat-iron,  heated  nearly  to  a  red  heat; 
and,  whilst  the  asplialt  is  still  hot,  it  is  rolled  with  polished 
iron  rollers,  the  lighter,  weighing  four  hundred  and  forty 
p<»undft,  being  first  applied,  and  then  a  heavier,  weighing 
tiu'ce  thousand  pounds, 

lu  i^commencing  work  on  an  unfinished  portion,  the  part 
to  which  the  fresh  material  is  to  be  joined  is  first  thoroughly 
cleansed  fri>m  dust,  and  hot  asphalt  poured  over  it. 

For  sidewalks  the  asphaltic  jx>ck  is  reduced  to  a  powder, 
either  by  crushing  it  under  rollers  or  by  roasting;  this  is 
then  elf  ted  through  wire  gauze,  with  meslies  of  one-tenth  uf 
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ftii  inch.     Tliis  powler  is  thoroughlv  incorporated  with  ho* 
mineral  tar,  in  the  nsaal  waj,  in  the  propt^rtions  of  a1  K>nt 
three  hundred  and  thirty  pounds  of  tar  to  four  thousand  foof  j 
hundred  ponnds  of  powder.      This  mixture,  tenned  mastic^ 
can  be  cast  into  moulds  of  suitable  size  and  kept  for  use. 

To  one  hundred  pounds  of  this  mixture  five  or  six  pounds 
of  mineral  tar  are  added«     A  portion,  about  three  per  cent 
of  the  mastie,  of  the  mineral  tar  id  tir&t  heated  in  an  iron, 
cylinder,  and  then  one-third  of  the  mastic  thfirouglily  inoor-* 
porated  with  it  bj  stirring  with  an  iron  red,  one  i>er  cent 
more  of  the  tar  is  then  added,  and  next  another  third  of  the 
mastic,  and  the   remaining   portions  are  stirred    in   in  likej 
manner.     When  the  whole  is  melted  one-half  die  gravel  10^ 
stirred  in,  and  then  the  remaining  half  in  the  same  way. 

In  warm  climates  the  mixture  may  receive  a  laiger  dose  of 
gravel. 

"VVIien  the  snbsoil  is  compact  and  dry  a  layer  of  concrete  1 
of  one  inch  and  a  half  in  thickne^  is  spreiid  over  it,  and 
covered  by  a  layer  of  mortar  half  an  inch  thick ;  and  over 
this,  when  thoroughly  dry,  a  coat  of  one  inch  and  six-tenths 
of  the  prepared  mystic  concrete. 

When  the  soil  is  not  hard,  it  should  be  rammed  or  rolled 
to  make  it  so  before  receiving  the  hydraulic  concrete,  which, 
in  this  cuae,  is  tJiree  inches  and  a  half  thick,  the  other  two 
courses  being  the  same  as  before. 

Tlie  mastic,  whilst  hot,  is  spread  unifonnly  with  wocjden 
trowels  over  the  mortar  bed ;  and  befoi'e  it  has  co(.)led  fine 
sanfl  is  sifted  over  the  surface. 

In  soTiie  cases,  instead  of  a  bed  of  hydraulic  concrete  and 
mortar  to  receive  the  mastic  concrete,  one  of  hot  gravel, 
mixed  up  with  a  small  dose  of  mineral  tar,  ig  laid,  and  over 
this  a  layer  of  concrete  mastic,  formed  of  the  fine  sif tings  of 
mineral  coal  ashes,  mixed  up  with  heated  mineral  tar,  is  laid 
to  form  the  top  coating.  This,  in  like  manner,  may  receive 
a  sifting  of  fine  sand.  Rollers  arc  used  in  this  case  to  give 
compactness  to  the  bed  and  the  upper  layer. 

729,    Materials  and  Repairs.     The  materials  for  broken- 
stone  roadd  should  be  hard  and  durable.     For  tlie  bottom  ^ 
layer  a  soft  stone,  or  a  mixture  of  hard  and  soft,  may  be ' 
used,  but  on  the  surface  none  but  the  hardest  stone  will  with- 
stand the  action  of  the  wheels.      The  stone  should  be  car^< 
fully  broken   into  fragment*  of  nearly  as  cubical  a  form  m 

Eracti cable,  and  be  cleansed  from  dirt  and  of  all  very  small 
-agments.     The  broken  stone  should  be  kept  in  depots  at 
cx>nvenieiit  points  along  the  line  of  the  road  ror  repairs. 
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Ibo  great  att^iitton  cannot  be  bestowed  upon  keeping  the 
rood^Biirface  free  from  an  accunmlation  oi  mud  and  even 
of  dust.  It  should  be  cou&tantly  cleaned  by  scmping  and 
.  sweeping.  The  repairs  sliould  be  daily  made  by  adcfing  fresh 
material  up«iu  all  pi^iuts  where  hollowg  or  ruts  commeuce  to 
form.  It  is  recommended  by  some  that  when  fresh  material 
is  added,  the  surface  on  which  it  ib  spread  ahould  be  broken 
with  a  pick  to  the  depth  of  half  an  inch  to  an  inch,  and  the 
fresh  material  be  well  settled  by  ramming,  a  eniall  qnantity 
of  clean  sand  being  added  to  make  the  stone  pack  better. 
When  not  daily  repaired  by  per&ons  who&e  sole  business  it  is 
to  keep  the  road  in  good  order,  general  repairs  should  be 
made  in  the  months  or  October  and  April,  by  removing  all 
accumulations  of  mud,  cleaning  out  the  side  channels  and 
other  draiufi,  and  addiug  fresh  matenal  where  requisite. 

The  ixnpiiitance  of  keeping  the  road-sorface  at  all  timea 
free  tiTjm  an  accumulation  ot  mud  and  dust,  and  of  preserv- 
ing the  surface  in  a  nnifonn  state  of  evenness,  by  the  daily 
a<laition  of  fresh  material,  wherever  the  wear  is  sufficient  to 
call  for  it,  cannot  be  too  sti^ongly  insisted  upon.  Without 
this  constant  supervision,  the  best  constructed  road  will,  in  a 
short  time,  be  untit  for  travel,  and  with  it  the  weakest  may  at 
nil  times  l>e  kept  in  a  tolerably  fair  state. 

730.  CroBs  Dimensions  of  Roads.  A  road  thirty  feet  in 
width  is  amply  sufficient  for  the  carriage-way  of  the  mostfre* 
qucntcd  thoroughfares  between  cities.  A  width  of  forty,  or 
even  sixty  feet,  may  be  given  near  cities,  where  the  greater 
part  vl  the  transportation  is  eiFccted  by  land.  For  cross  roads 
and  (ithei-s  of  minor  importance,  the  width  may  be  reduced 
according  to  the  nature  of  the  case.  The  width  should  be 
at  east  sufficient  to  allow  two  of  the  ordinair  carriages  of 
the  ctiuntry  to  pass  eacli  other  with  safety.  In  all  cases,  it 
should  be  borne  in  mind  that  any  unnecessary  width  increases 
both  the  first  cost  of  construction,  and  the  expense  of  annual 
repaii*s. 

very  wide  roads  have,  in  some  cases, been  used,  the  centre 
part  only  receiving  a  road- covering,  and  the  wings,  termed 
summer  roads^  being  formed  on  the  natural  surface  of  the 
subsoil.  The  object  of  this  system  is  to  relieve  the  mad-cov- 
eriiig  frt>m  the  wear  and  tear  oc^casioned  by  the  lighter  kind 
of  vehicles  during  the  sunmier,  as  the  wings  present  a  more 
pleasant  surface  foi  travelling  in  that  season.  But  little  is 
gained  by  this  system  under  this  point  of  view ;  and  it  hais 
the  inconvcuieuce  of  forming  during  the  winter  a  lai'go 
quantity  ui  nmil,  which  is  very  injurious  to  the  road-covering 
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To  prevent  the  foo^mlh  frcm  being  danaccd  bj  the  cor 
lent  €t  water  in  the  ade  chaniieii^  in  «da  akm.  oezt  to  the 
ride  ehaamd,  mat  be  proieclad  by  m  tMiag  of  good  8odi,m 
cl  dry  stone* 

Aj  it  ii  erf  the  ibit  iiopof^iiee,  in  bepine  the  n)ad-wmj  in 
a  good  trarelling  Hale,  that  ila  tiirfiioe  tbouNl  be  kept  drj,  it 
wul  be  neeessaiy  to  remore  from  it^  ae  far  m  practicable^  aU 
objeeti  that  might  obstmet  the  actioo  of  the  wind  and  the 
atici  on  ita  nir&ea.  Fencea  and  hedgea  alno^  the  road  AooM 
not  be  fai|^ier  than  ire  feet ;  and  no  trees  AoqM  be  inffeaed 
to  Hand  on  the  road-aide  of  the  sade^iimina,  for  independent 
of  shading  the  road-waj,  Aeir  roota  woold  in  time  throw  np 
the  rtjad-covering, 

7HL  PlanluRoada.  Plank-rc»ad0  were  Teir  poptdar  a  few 
years  sitioe.  The  road  was  careful! j  gradea,  then  striugeia 
—one  on  each  side — were  imbedd^  id  the  earth,  and  upon 
these  were  laid  planks,  three  or  fonr  inches  tliick,  forrning  a 
c*  P!4  floor.     When  the  planks  are  new  and  well  laid 

ti.  '3  a  very  agreeal)le  road  for  haulage  and  for  pleasure 

rides,  but  when  the  planks  become  worn  and  displaced  it 
makes  a  very  disagreeable  road.  As  a  general  ttung  thej 
have  been  almndoned,  except  in  certain  localities  where  thev 
are  maintiiined  on  account  of  peculiar  circumstances.  A 
gtxxl  gruvel  road  has  been  found  to  be  more  profitable,  and 
in  tlie  long  run  makes  a  much  better  road.  Many  plank- 
roads  ha\  a  been  changed  to  McAdam  or  to  Telford  roads. 


RAILWAYS. 

782.  A  railwatjy  or  rctUraadj  is  a  track  for  the  wheels  irf 
veliiclcft  to  run  on,  which  is  formed  of  iron  bars  placed  in 
two  pamllel  lines  and  resting  on  finu  supports. 

783.  Hails.  The  iron  ways  first  laid  down^  and  termed 
tranntfays^  were  made  of  narrow  iron  plates,  cast  in  sliort 
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lengtha,  with  an  upright  flancb  on  the  extei  or  to  ccnfine  thi» 
wheel  within  the  traek*  The  plates  were  found  to  he  de- 
ficient in  strength,  and  were  replaced  by  others  to  whieli  a 
vertical  rib  was  added  under  the  plate.  This  rib  was  of  nni- 
foiTB  breadth^  and  of  the  shape  or  a  semi-ellipse  in  elevation. 
This  form  of  tramway,  although  superior  in  strength  to  the 
tii-st,  was  still  found  not  to  wont  well,  as  the  mud  which  ac- 
cumulated between  the  flanch  and  the  surface  of  the  plate 
presented  a  considerable  resistance  to  the  force  of  ti^action. 
To  obviate  this  defect,  iron  bars  of  a  senii-elliptical  shape  in 

Tig.  S^-^aetiRamti  ft  fvoH-a^jtloa  a,  of  the  fUh-betUed 
rail  of  the  Liverpool  tod  MftQchosUir  EnUwur,  and  tba 
metbod  to  whieb  it  i»  (i.e«iim]  to  Its  cb*lr.  tho  mil  U 
farmed  with  m  tltirht  projection  at  bottom,  which  flti 
Into  »  oofnwp(»idiQg  ootcb  In  tb«  sitte  of  the,  cb&ir  b, 
JkD  iron  wedue  e  la  iuaerted  Into  a  notch  on  the  oppodt* 
fld«  of  Uko  «^b«lr,  Rod  oonJliw*  ttie  rail  to  ite  v^m 

elevation,  which  received  the  name  of  edge-raih^  were  sub- 
stituted for  the  nlat^s  of  the  tramway.  The  cross^sections  of 
these  rails  are  or  the  form  shown  in  Fig.  227,  the  top  surface 
being  slightly  convex,  and  sufficiently  broad  to  preserve  the 
tire  of  the  wheel  from  wearing  unevenly.  Tliis  change  in 
the  form  of  the  rail  introducea  a  corresponding  one  in  the 
tires  of  the  wheels,  which  were  made  with  a  flanch  on  the 
interior  to  confine  them  witliin  the  rails  of  the  track. 

The  cast-iron  edge-rail  was  found  upon  trial  to  be  subject 
to  many  defects,  arising  from  the  nature  of  the  material 
As  it  was  necessary  to  cast  the  rails  in  short  lengths  of  three 
or  four  feet,  the  tract  presented  a  nunjber  of  joints^  which 
rendered  it  extremely  difficult  to  preserve  a  nnifctrm  surface. 
The  rails  were  fonndl  to  break  readily,  and  the  surface  upon 
which  the  wheels  ran  wore  unevenly.  These  imperfections 
finally  led  to  t!ie  8nl>6titution  of  wrought  iron  for  cast  iron, 

734<  The  wrought-iron  rails  first  brouglit  into  use  received 
nearly  the  same  shai>e  in  crosa-fieetion  and  elevation  as  the 
cast-iron  rail.  They  were  formed  by  rolling  them  out  in  a 
rolling-mill  so  arranged  as  to  give  the  rail  its  proper  shape. 
The  length  of  the  rail  was  usually  fifteen  feet,  die  bottom  of 

^  Ih^.  9S8— B«pt«Mnt«  « idde  «leT»Uoii  of  m  partioo  of 
^     »  ftib-beUied  raJL 


it  (Tig*  228)  presenting  an  undulating  outline  so  disposed  as 
to  give  tlie  rail  a  bearing  point  on  supports  placed  three  feet 
apart  between  their  centres.  This  form,  known  as  the  ji^h- 
helly  rail,  was  adopted  as  presenting  the  greatest  strength  for 


u» 


dm* 


the  Hame  anioiiiii  oi  mtlUiL  It  has  been  foond  on  triml  to  be 
liable  to  rnnny  faieon^enMiices.  The  wmk  hntk  U  abom 
thine  ini^hea  frf^m  the  sapportt,  or  one  fowtli  of  die  dhtenogj 

ll^wteo  the  bearing  p>intii^  and  from  the  curved  farm  of  tli#j 
bottom  of  the  raif  they  do  not  admit  of  being  soppoited ' 
thronjtfhont  their  lengtlL 

735,  llie  f rirm  of  rail  at  present  in  moat  i^riend  use  ia 
knowii  bj'  the  name  of  tlie  paraUd^  or  9inight  rail,  the  top 
and  botti^  of  the  rail  being  parallel ;  or  aa  the  T,  or  H  i»ii, 
from  the  form  (4  the  eroea-flectioit. 

A  %  anety  of  forms  of  croM-aecttoD  are  to  be  met  with  m 
Uie  parailel  rail    The  more  natial  form  ia  that  (Fig.  229)  in 


aC«pwriMiBB  of  ttotfoTB 


fiMfttDr 


1^  «lMh  OTft«fli4r  ^aa>fl «» <^  na^' 


which  the  top  is  shaped  like  the  same  part  m  the  fish-belly 
mil,  the  l)ott<im  being  widened  out  to  give  the  rail  a  more 
stable  scat  on  its  stipporU.  In  Bonie  cases  the  top  and  bot- 
tom are  matle  alike?  ro  admit  of  taming  the  rail.  Tlie  great- 
est deviation  from  the  nstial  form  is  in  the  rail  of  the  Great 
Westmi  Railway  in  England  (Fig.  230),  and  the  Grand 
Trunk  in  Canada ;  but  this  form  is  rapidly  going  out  of  oae. 

PlfcSan-^Aflprawnto  »gnoMttlqfp  oftlit  fiS  oC  tlM  Oratf 
WwMni  n«a«»7  !b  Sn^toa^   Tbtanlllil«ld«ii»ccintlB» 

QQi  •tipport,  and  I*  Stftmnd  to  ft;  bjr  wenmm  oe  «mIi  ild»  a< 
th«  niU.    A  plM*  «f  tuiwd  fell  wm  loMttad  batwan  Om 
^      \mm  oi  the  f»a  md  its  nDpport. 

The  dimensions  of  the  cross-section  of  a  rail  should  be  such 
that  tlie  dcfl Lection  in  the  centre  between  any  two  points  of 
supi»ort»  caused  by  the  heaviest  loads  upon  the  tract,  should 
not  bo  BO  great  as  to  cause  any  very  appreciable  increase  of 
rci*itttHnce  to  the  force  of  traction,  *  The  greatest  deflection. 
Its  laid  d<i\vn  by  Bome  writers,  should  not  exceed  three-hun- 
dredthfi  of  an  inch  for  the  iisnal  bearing  of  three  feet  between 
tlie  j>oints  of  support.  The  top  of  the  rail  is  usually  about 
two  RTnJ  a  half  inchos  broad,  and  an  inch  in  depth.  I'his  has 
been  found  t^>  proBent  a  good  bearing  surface  tor  the  wheela. 
and  iufllcient  strength  to  prevent  the  top  from  being  cru«J)ea 
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by  the  weight  npon  the  rail.  The  thickness  of  the  rib  %'{irie3 
between  half  an  inch  to  thme-fourths  of  an  inch;  and  the 
total  depth  of  the  rail  from  three  to  five  inches*  The  thick- 
ness and  breadth  of  the  bottom  liave  been  varied  according  to 
the  strength  and  stability  demanded  by  the  traffic. 

736.  Steel  Rails.  Rails  made  entirely  of  steely  or  of 
wrought  iron,  with  a  thin  bar  of  steel  forming  the  top  Burface, 
or  steel-toj)^  or  steei-hea/led  rails  as  they  are  termed,  from  their 
superior  strength  and  durability,  are  coming  into  general  use 
in  replacing  the  worn-out  wrought-iron  rails  of  old  roads. 
Steel  obtaijied  from  any  of  the  usual  processes,  either  cast, 
pnddled,  or  Bessemer  steel,  may  be  used  for  tlie  steel  heads 
of  rails. 

From  the  experience  of  Swedish  engineers  it  appears  that 
Bolid  Bessemer  steel  rails  of  the  best  charcoal  pig-iron  may  be 
made  10  per  cent,  lighter  than  the  best  English  wronght-intn 
rails,  a  i*esult  which  has  been  carried  into  pmctice  on  the 
Austrian  railways. 

The  durability  of  iron  rails  appears  to  depend  principally 
upon  the  perfection  of  the  welding,  the  chief  cause  of  their 
want  of  duralrility  arising  from  the  lamination  caused  by  im- 
perfect  welding. 

Formerly  wrought-iron  rails  were  made  partly  by  hammer- 
ing and  partly  by  nilHng,  At  pret^ent  rolling  alone  is  used, 
and  the  results  are  said  to  be  mure  satisfactory^  whilst  the  pro 
cess  of  manufacture  is  more  simple. 

The  resistance  to  wear  ot  rails,  from  English  experience,  it 
is  said,  may  be  measured  by  the  product  of  the  speed  and  of 
the  weight  passing  over  t&em.  The  rule  pi-oposed  for  the 
work  that  rails  may  be  subjected  to  is  22O,0UO,<  m)0  tons  trans- 
ported at  the  rate  of  one  mile  per  hour.  The  length  oi 
time  that  iron  rails  will  last  in  any  given  case  will  be  fomid  by 
rauUiplyin|5  the  number  of  tons  transpiirted  by  the  rate  of 
speed  per  nour  and  dividing  by  22(X 

737.  Supports.  The  rails  are  laid  upon  supports  of  tim- 
ber or  stone.  The  sup|x>rts  should  present  a  firm,  unyield- 
ing bed  to  the  rails,  so  as  to  prevent  all  displacement,  either 
in  a  lateral  or  a  vertical  direction,  from  tlie  pressure  thrown 
ujjon  them. 

Considerable  diversity  is  to  be  met  with  in  the  practice  of 
engineers  on  this  point.  On  the  earlier  roads,  hea\y  stone 
blocks  were  mostly  used  for  supports,  but  these  were  found  to 
require  great  orecautions  to  render  them  firm,  and  they  werc^j 
moreo  /er^  liable  to  split  from  the  means  taken  to  confine  the 
rails  f  >  them.     Timber  is  generally  preferred  to  stone.     It 

as 
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affords  a  more  agreeable  road  for  travel,  and  gives  a  bettei 
lateral  8iii>pon.  to  the  rails  tlian  stone  blocks,  and  ihe  wear 
upon  the  locomotive  and  otlier  raachinery  is  lesw  severe. 

Tlte  iisaal  metiiod  of  placing  timber  supports  is  transverse!  j 
to  tbo  track,  each  supixirt,  temied  a  sle^-per^  or  cross-tie^ 
being  frTincd  of  a  piece  of  timber  six  or  eight  inches  sqnare. 
The  onlinary  distance  between  tlie  centre  lines  of  the  sup- 
poi^ts  is  three  feet  for  rails  of  the  nsiial  dimensions.  With  a 
gi*eHtcr  bearing,  rails  of  the  ordinary  dimensions  do  not  pre- 
sent sufficient  stiffness.  The  sleepers,  when  formed  of  rrjund 
timl>er,  sbonld  be  squared  on  the  upper  and  lower  surface. 
On  8<jme  of  the  recent  railways  in  Eiigland,  sleepei-s  present- 
ing in  cross  section  a  right-angled  triangle  have  been  used, 
the  right  angle  being  at  tlie  bottom.  Tliey  are  represented  to 
be  more  convenient  in  setting,  and  to  offer  a  moi-e  stable  sup- 
port than  those  of  the  usual  form.  The  sleepers  are  placed 
either  upon  the  ballasting  of  the  roadway,  or  upon  longitudi- 
nal beams  laid  beneath  them  along  the  line  of  the  rails.  The 
latter  is  indispensable  upon  new  embankments  to  prevent  the 
ends  of  the  steepens  fixim  settling  unequally.  Thick  plank, 
about  elglit  inches  hnjad  and  tlii*ee  or  four  inches  tliick,  is 
usually  employed  for  t!ie  longitudinal  supports  of  the  sleepers. 

On  some  of  the  more  recent  railways  in  England,  the  rails 
have^been  laid  upon  l(*nmtudinal  beams,  presenting  a  con- 
tinuous support  to  the  rail,  the  beams  resting  upon  cross-ties, 

738.  Bakast.  A  cov^ering  of  broken  6t<^^)ne,  of  clean  coarse 
gnivel,  or  of  any  other  material  that  will  allow  the  water  to 
drain  off  freely,  is  laid  upun  the  natural  surface  of  the  excava- 
tions and  embankments,  to  form  a  firm  foundation  for  the 
supports.  This  has  received  the  appellation  of  the  haUaHt, 
Its  thickness  is  from  nine  to  eighteen  inches.  Open  or  broken- 
stone  drains  should  be  placed  beneath  the  ballasting  to  convey 
off  the  siu'face  wat^r.  The  parts  of  the  ballasting  uj>t>n  whicli 
the  supports  rest  should  be  well  rammed,  or  rolled ;  and  it 
should  be  well  packed  beneath  and  around  the  supports. 
After  the  raib  are  laid,  another  layer  of  broken  sttme  or 
gravel  should  be  added,  the  surface  of  which  should  be 
slightly  convex  and  about  three  inches  below  the  top  of  the 
rails, 

739,  Temporary  Railways  of  Wood  and  Iron,  On  the 
first  intrt)dncti(*n  of  railways  into  the  United  States,  the  tracks 
were  formed  of  flat  iron  bars  laid  upon  longitudinal  beam^ 
The  iron  bars  were  about  two  and  a  half  inches  in  breadth, 
and  from  one-half  to  three- fourths  of  an  inch  in  tJiickness,  the 
top  surface  being  slightly  convex.     They  were  placed  on  the 
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longitudinal  beams,  a  little  back  from  the  Inner  edge,  the 
side  of  the  beam  near  the  top  being  bevelled  off,  and  were 
f listened  to  the  beam  by  screws  or  spikeSj  which  passed 
through  elliptical  holes  witli  a  countersink  to  receive  the 
heads  of  the  spikes ;  the  holes  receiving  this  shape  txi  allow 
of  the  contraction  and  expansion  of  the  bar,  without  displacs- 
ing  the  fastenings.  The  longitudinal  beams  were  supported 
by  cross  sleepere,  with  which  they  were  connected  by  wedges 
that  confined  the  beams  in  notches  cut  into  the  sleepers  to  re- 
ceive them.  The  longitudinal  beams  were  nsually  about  six 
inches  in  breadth,  and  nine  inches  in  depth,  and  in  as  long 
lengths  n&  they  could  be  procured.  The  joints  between  the 
bars  were  either  square  or  obh'que,  and  a  piece  of  iron  or  zinc 
was  inserted  into  the  beams  at  the  jtrint^  to  prevent  the  end 
of  the  rail  from  being  crushed  into  the  wood  by  the  wheels. 

In  some  instances  the  bars  were  fastened  to  long  stone 
blocks,  but  this  method  was  soon  abandoned,  as  the  stone  was 
rapidly  destroyed  by  the  action  of  the  wheels ;  besides  wliich, 
the  rigid  nature  of  the  stone  rendered  the  travelling  upon  it 
excessively  disagreeable. 

This  system  of  railway,  whose  chief  recommendation  is 
economy  in  the  first  cost,  has  gradually  given  place  to  the 
solid  mil.  Besides  the  want  of  durability  of  the  structure,  it 
does  not  possess  sufficient  strengtli  for  a  heavy  traffic. 

740.  Gauge.  The  distance  between  the  two  lines  of  rails 
of  a  track,  tenned  the  gmi^e,  which  has  been  adopted  for  the 
great  majority  of  the  railways  in  England,  and  also  with  us, 
18  4  feet  8^  inches.  This  gauge  api>ear8  to  have  been  the  re- 
sult of  chance,  and  it  has  been  followed  in  the  great  majority 
of  eases  up  to  the  present  time,  owing  to  the  inconvenience 
that  would  arise  from  the  adoption  of  a  diflferent  gauge  upon 
new  lines.  The  greatest  deviation  yet  made  from  the  estab- 
lished gauge  is  in  that  of  the  Great  Western  Railway,  in 
which  the  gauge  is  seven  feet  Engineers  are  generally 
agreed  that  with  a  wider  gauge  the  wheels  of  railway  cars 
could  be  made  of  greater  diameter  than  they  now  receive, 
and  be  placed  outside  of  the  cars  instead  of  under  them  as  at 

Iiresent;  the  centre  of  gravity  of  the  load  might  be  placed 
ower,  and  more  steadiness  of  motion  and  greater  security  at 
high  velocities  be  attained.  AH  roads  havmg  a  gauge  above 
4  feet  8-^  inches  are  inclined  rather  to  reduce  tnem  to  that 
gauge  or  use  a  third  rail  so  as  to  run  the  cars  of  that  gauge 
over  their  own. 

Within  the  last  f  mr  or  five  years  the  subject  of  roads  of 
very  narrow  ffmtffi  has  been  much  discussed.     The  advan 
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tages  principallj  claimed  for  roads  of  this  kind  are:  Ist, 
great  reduction  in  first  cost ;  2d,  allowing  stet'j>er  grades  and 
corves  of  smaller  radius;  3d,  less  wear  and  tear  on  tho  road 
r>n  accotnit  of  the  resiling  st<jck  bein^  mnch  lighter;  4tli,  ihe 
ratio  of  live  to  dead  weight  h  inuL*n  les^a.  Some  line&  have 
been  made  with  a  ^^-foot  gauge,  bnt  the  advocates  of  narrow 
gange  generally  reeommend  a  3-foot  gauge.  The  latter  is 
the  gauge  of  tlie  Denver  and  Texas  narrow-gauge  road. 

In  a  double  track  the  distance  between  the  two  tracks  is 
generally  the  same  as  the  gauge ;  and  the  distance  between 
the  outside  rail  of  a  track,  and  the  sides  of  the  excavation, 
or  embankment,  is  seldom  made  greater  than  six  feet,  as  tliie 
is  deemed  sufficient  to  prevent  the  cars  from  going  over  an 
embankment  were  they  to  run  off  the  rails. 

741.  On  all  straight  portions  of  a  track,  the  sapports  should 
be  on  a  level  transversely,  and  parallel  to  the  plane  of  the 
track  longitudinally.  The  top  surface  of  the  rail  should  in- 
cline inward^  to  conform  to  the  conical  form  of  the  wheels ; 
this  is  now  usually  effected  by  giving  the  chair  the  requisite 
pitch,  or  by  forming  the  top  sujHFaoe  with  the  requisite  bevel 
lor  this  purpose. 

742.  Curves.  In  tlie  curved  portions  of  a  track  the  cen- 
trifugal force  tends  to  force  the  carriage  towards  the  outside 
rail  of  the  curve,  and  by  elevating  the  outer  rail  the  force  of 
gravity  tcTids  to  draw  it  towards  tlio  inside  rail.  From  the 
above'conditions  of  equilibrium  the  elevation  which  the  ex- 
terior rail  should  receive  above  the  interior  can  be  readily 
cahrulated*  The  method  adopted  is  to  give  the  exterior  rail 
an  elevation  sufficient  to  prevent  the  flanchof  the  wheel  fmm 
being  driven  against  the  side  of  the  rail  when  the  car  is  mov- 
ing at  the  higliest  supposed  velocity ;  or,  in  other  words,  tc 
give  the  inclined  plane  across  the  ti-ack,  on  which  the  wheels 
rest,  an  inclination  such  that  the  tendency  of  the  wheels  tc 
slide  towards  the  interior  rail  shall  alone  coimteract  the  ceu' 
trifugnl  force. 

743.  Sidings,  etc.  On  single  lines  of  railways  short  por* 
tum^  iA  a  track,  termed  sidimjs,  are  placed  at  convenient  in- 
tervals along  the  main  track,  to  enable  cars  going  in  opposite 
directions  to  cross  each  other,  one  train  pawsini^into  the  siding 
and  stopping  while  the  other  proceeds  on  me  main  track. 
On  dnutjle  lines  arrangements,  tenned  eromny/s,  are  made  tc 
enable  trains  to  pass  from  one  track  inti>  the  other,  as  circum 
eta Ti CCS  may  require.  The  position  of  sidings  and  theii 
Icngtli  will  depend  entirely  on  local  cii^cnimtanoes,  as  the 
length  of  the  trains,  the  nuinber  daily,  etc. 
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The  iiianner  generally  adopted,  of  connecting  the  main 
track  with  a  siding,  or  a  crossing,  is  very  simple.  It  consista 
(Fig.  231)  in  having  two  ehort  lengths  of  the  opposite  rails 


^d 
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Yig.  331  ~  ReprMcote 
the  &lidlitff  Kwitchev, 
ur  mlK  for  ooime«cl- 
ing'  a  BidlnK  with  ihe 

a;  a^  nilii  conn«cU!d 
bj  an  troD  rod  6,  by 
whJcli  tbej  cm  ba 
tumt-d  UkroODd  \tka 
jolntii  o,  <p, 

Cf  c^  nU*  of  EDftta 
track. 

<f,  d;  nilM  of  tfidlnc. 

of  the  main  track,  where  the  siding  or  crossing  joins  it, 
movable  around  one  of  their  ends,  so  that  the  otlier  can  be 
displaced  from  the  line  of  the  main  ti-ack,  and  be  joined 
with  that  of  the  siding,  or  crossing,  on  the  passao^e  oi  a  car 
out  of  the  main  track.  These  movable  portions  of  i*aila  ai*e 
mnnected  and  kept  parallel  by  a  long  cross-bolt,  to  the  end 

M 


a    a  A 


rtir-  S8S— BepmeiiU  k  plotn  IC  Md  MOtioo  N,  «f  «  flxod  orowUic  plftta.  Th«  i>l»te  A  li  ot 
CBfl^Iron,  vrMh  v«rtlc«I  ribs  c,  c,  on  tlw  bottom,  to  fflve  It  tlw  roquinltc  i^vngth.  Wi\}ti|ibt* 
IruQ  bwra  a,  a,  fdiioed  in  tb«  Un«  ul  tha  tnro  latenactiiis  nlk  4.  <f,  nm  firmly  MTro\r«d  to 
th*'  \Auij6  \  *  aoinckut  •pooe  b«ifl«  kit  Imcwmd  tliaii  Rad  Ch«  rail*  for  the  Ouich  ot  tb« 
wheel  to  piuw. 

of  which  a  vertical  lever  is  attached  to  draw  them  forward,  or 

shove  them  back. 

At  Uie  point  where  the  rails  of  the  two  tracks  intersect,  a 
cast-iron  plate,  termed  a  crosaing-plate  (Fig.  232),  ia  placed  t<» 
connect  the  rails.  The  surface  of  the  plate  is  an-anged  either 
with  grooves  in  the  lines  of  the  rails  to  admit  the  flanchof 
the  whee^  in  pa^^ing,  the  tire  running  np<jn  the  snrface  of  the 
plate ;  or  wmught-iron  bars  are  affixed  to  the  surface  of  the 
plate  for  the  same  purpose. 

The  angle  between  tne  rails  of  the  main  tracks  and  those 
of  a  8i<lLiig  or  crossing,  termed  the  angle  of  deflectinriy  slionld 
not  bo  greater  than  2^  or  3^.     The  connecting  rails  between 
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tl  hi  (K>nkici#  of  tbe  trwte  sbcpiiU  be  of  the  ih^ 

fi>  rire,  is  order  that  the  paiMige  may  be  graoiiAUj 

effected.  At  tii<c  present  time  iwit^Ji  raik  ana  frogs  of  peen- 
liar  ajiiatnictioii  are  in  D«e,  which  are  ao  made  and  ■rmnged 
ai  to  leave  the  main  track  nnbroken,  so  that  if  the  6wit<£  i» 
wrongly  placed  the  traiti  oo  the  main  track  will  not  run  off. 
TiiCTit  lire  many  dericei  for  fecturng  this  resalL 

744b  Tiuii'platea*  Wliere  one  track  inteiBects  another 
nnder  a  considerable  angle,  it  will  be  neoenary  to  fiob^titute 
for  the  ordinary  metho^J  of  cosmeefctn^  them,  what  ia  termed 
a  turn^laUj  or  turn-table.  Thk  ecmaurts  of  a  strong  eircalar 
platfc^rn  of  wood  or  ca«it  iron,  morable  around  its  centre  by 
irieans  of  conical  n>ller8  beneath  it  running  npon  iron  roUer- 
wiya  Two  ruiU  are  laid  npon  the  platrc^m  to  receive  the 
car,  V  ■/  Inferred  from  one  track  to  the  other  by  turn- 

ing t  i  dufiiciently  to  place  the  rails  npon  it  in  the 

samr^  liue  as  tho^  of  the  track  to  be  }Mkdaed  into. 

745.  Street  orosainga*  Wlien  a  track  intereectB  a  itmd,  or 
street,  nptm  the  same  level  with  it,  the  rail  must  be  gnarded 
by  cafft- 1^)11  plates  laid  on  each  side  of  it,  sufScient  space  be- 
ing loft  between  them  and  the  rail  for  the  play  of  the  flanch. 
The  topof  tlie  plates  should  be  on  a  level  with  the  top  of  the 
rail  Wherever  it  is  practicable  a  drain  should  be  placed  be- 
neath, to  receive  the  nuid  and  du&t  whieh^  accumulating  be- 
tween tlie  plates  and  rail,  might  interfere  witli  the  passing  of 
the  cars  along  the  rails. 

746.  Gradients.  From  various  experiments  upon  the 
friction  of  cars  U|x>n  railways,  it  appean*  that  the  angle  of 
repose  is  about  ^J^,  but  that  in  descending  gradients  macb 
sti^ftper,  the  velocity  due  to  the  accelerating  force  of  gravity 

ins  its  greatest  limit  and  remains  constant,  from  the 
1'  "  caused  by  the  air 

1  he   iimit  of  the  velocity  thus  attained  upon  gradients  of 

.any  degree,  wfjether  tlie  train  descends  by  the  action  of  grav* 

sty  alone,  or  by  the  C4jmbiued  action  of  the  motive-power  of 

the  engine  and  gravity,  can  be  readily  determined  for  any 

El  veil  XimA,  From  calculation  and  expcriuient  it  appears  that 
eavj  trains  may  descend  gradients  of  jj-^-,  without  altaining 
a  grt^ater  velocity  than  about  40  or  50  miles  an  hour,  by  al- 
lowing them  to  run  freely  without  applying  the  brake  to 
check  the  sjwed.  By  the  application  or  the  brake,  the  velo 
city  may  be  kept  within  any  limit  of  safety  upon  much  steeper 
gradients.  The  only  question,  then,  in  comparing  the  ad- 
vantagi^s  of  different  gradients,  is  one  of  the  comparative  ojsI 
between  the  loss  of  p<»wer  and  speed,  on  ibe  one  hand,  foi 


RAILWAYa. 


439 


Mcending  trains  on  st^ep  gradieDts,  aod  that  of  the  heavy  ex- 
cavations, tunnels,  and  embankments  on  the  other,  which 
jnaj^  be  required  by  lighter  gradients. 

In  disthlmting  the  gradients  along  a  line,  engineers  are 
generally  agreed  that  it  is  inure  advantageouB  to  nave  steep 
gradients  upon  shoit  portions  of  the  line^  than  to  overeoiue 
me  same  difference  of  level  by  gradients  less  steep  npon 
longer  developments. 

747.  Li  steep  gradients^  where  locomotive  power  cannot  be 
employed,  stationary  power  is  used,  the  trains  being  dragged 
up,  or  lowered,  by  ropes  connected  with  a  snitable  median* 
ism,  worked  by  stationary  power  placed  at  the  tup  of  tlio 
plane.  The  inclined  planes,  with  stationary  powen*,  gener- 
ally receive  a  uniform  slope  throughout.  Tne  portion  of  tlie 
tj-ack  at  the  top  and  bottom  of  the  plane  shiniid  be  level  for 
a  suthcient  distance  back,  to  receive  the  ascending  or  descend- 
ing trains*  The  axes  of  the  level  portion  should,  when  prac- 
ticable, be  in  the  same  vertical  plane  as  tliat  of  the  axis  of  the 
inclined  plane, 

SmaJl  i-ollers,  or  Bheeves,  are  placed  at  suitable  distances 
along  the  axis  of  the  inclined  plane,  upon  which  the  rope 
rests. 

Within  a  few  years  back  flexible  bands  of  rolled  hoop-iron 
have  been  substituted  for  ropes  on  some  of  the  inclined 
planes  of  the  United  States,  and  have  been  found  to  work 
well,  presenting  more  durability  and  being  less  expensive 
than  ropes. 

On  very  steep  gradients  the  expedient  of  a  third  rail 
in  the  centi-e  of  the  tracks  and  rai&ed  rather  above  the  plane 
of  the  other  two  rails,  has  been  used.  Two  horiziinta!  wdieels 
imderneath  the  locomotive  run  on  this  rail,  and  may  l>e 
tightened  to  any  desirable  degree  of  compression  on  it.  In 
this  way  a  gradient  of  440  feet  per  mile  is  used  over  Mont 
Cenis.  Without  the  intemiediate  rail  grades  as  steep  as  280, 
and  in  one  case  304  feet  per  mile,  have  been  ascended  by 
means  of  tlie  adhesive  power  of  the  locomotive  only.  But 
Buch  grades  will  never  be  sought;  on  the  other  hand, 
they  will  be  avoided  when  pcmsible.  Grades  of  50  and  HC 
feet  to  the  mile  are  very  common.  The  maximum  gradj 
allowable  by  law  on  the  Central  Pacific  Railroad  is  th.^ 
same  as  that  of  the  Baltimore  and  Ohio  Kailroad,  viz.,  n»j 
feet  per  mile, 

748*  Tunnels.  Tlie  choice  lietween  deep  cutting  and  tun- 
netling,  willilepend  upon  the  relative  cost  of  tlie  two,  and  the 
jia^^^re  of  the  ground.    When  the  cxwt  of  the  two  methods 
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would  bo  about  equals  and  the  slopes  of  tlie  deep  cut  arc  nol 
liable  to  fillps,  it  ia  usually  iiiore  advantageous  to  resort  to 
deep  L'littirii!;  than  to  tunnelling.  So  nmoh,  however,  will  de- 
pend up<in  local  tiirciniistancesj  that  the  comparative  advau- 
tages?  of  the  two  niethuds  t^n  only  be  decided  upon  under- 
stand ingly  when  these  are  kiiowTi. 

740.  The  operations  in  Tunnelling  will  depend  upon  the 
nature  of  the  soil.  The  work  is  commenced  by  Betting  out,  in 
the  first  place,  with  |;;reat  accuracy  upon  the  surface  of  the 
ground,  the  profile  hue  contained  in  tne  vertical  plane  of  the 
axis  of  tlie  tuiiuel.  At  suitable  intervals  along  this  line 
vertical  pits,  tcnned  working  f^fuifts^  are  sunk  to  a  level  with 
the  tfjp,  or  crown  of  the  tunnel.  The  shafts  and  excavationa, 
which  form  the  entrances  to  the  tunnel,  are  connected,  when 
the  soil  will  admit  of  it,  by  a  small  excavation  termed  a 
heading^  or  drifts  iiauaHj  five  or  six  feet  in  width,  and  seven 
or  eight  feet  in  height,  which  is  made  along  the  crown  of 
the  tunnel.  After  the  drift  is  completed,  the  excavation  for 
the  tunnel  h  gradually  enlar|^'ed ;  the  excavated  eartli  la 
raised  through  tlie  working  shafts,  and  at  the  same  time 
carried  out  at  the  ends,  Tlie  dimensions  and  form  of  the  cross 
section  of  the  excavation  will  depend  upon  the  nature  of 
the  soil  atid  the  object  of  the  tunnel  as  a  communication. 
In  solid  rock  the  sides  of  tlie  excavation  ai*e  usually  vertical; 
the  top  receives  an  arched  form  ;  and  the  bottom  isliorizontal. 
In  soils  whiuh  require  to  he  sustained  by  an  arch,  the  excava- 
tion should  conform  as  nearly  as  practicable  to  the  form  of 
cross  section  of  the  arch. 

In  tunnels  through  unstratified  rt>cks,  tlie  sides  and  roof 
may  be  safely  left  unsupported;  hut  in  stratified  rocks  thero 
is  danger  of  blocks  becoming  detached  and  falling;  wherever 
this  is  to  Ije  apprehended,  the  top  of  the  tunnel  shoidd  bo 
8upp(  >rted  by  an  arcli. 

lunnelling  in  hxise  soils  is  one  of  the  most  hazardous 
operations  of  the  ininer^s  art,  requiring  the  greatest  precau- 
tions in  supporting  the  sides  of  the  excavations  by  strong 
rough  framework,  covered  by  a  sheathing  of  boards,  to  secure 
tlie  workmen  from  danger.  When  in  such  cases  tlie  drift 
cannot  be  extended  throughout  the  line  of  the  tunnel,  the 
excavation  is  advanced  only  a  few  feet  in  eatih  direction 
from  the  bottom  of  the  working  shafts,  and  ia  gradually 
widened  and  depended  to  the  pn^pcr  form  and  dimensions  tc 
receive  the  masonry  of  the  tunnel,  which  is  Immediately 
commenced  below  each  working  shaft,  and  is  carried  forward 
in  both  directioi^s  towarls  the  two  ends  of  the  tunnel 
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750.  Masonry  of  Tunnels*     The  cross  section  of  the  arch 
d£  a  timriel  (Fig,  233)  is  usually  an  oval  Begment,  formed  oi 


Flv.  1S8— Beprannti  the  gezMrel  fortn  of 
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arcs  of  circles  for  the  sides  and  top,  resting  on  an  inverted 
arch  at  bottom.  The  tuo nelson  some  of  the  recent  railways 
in  England  are  from  24  to  30  feet  wide,  and  of  the  BaiJie 
Iieight  from  the  level  of  the  rails  to  the  crown  of  the  arch. 
The  usna!  thickness  of  the  arch  is  eighteen  inchea.  Brick 
laid  in  hydraulic  cement  is  generally  used  for  the  masonry, 
an  artkevv-back  course  of  stone  being  placed  at  the  junction  of 
the  sides  and  the  inveited  arch,  'the  masonry  is  constructed 
in  short  lengths  of  alumt  twenty  feet,  depending,  however, 
npi*n  the  precautions  necessary  to  secure  the  sides  of  the  ex- 
cavation. As  the  sides  of  the  arch  are  carried  up,  the  frame- 
work supporting  the  earth  behind  is  gradually  removed,  aud 
the  space  between  tJie  back  of  the  masonry  and  the  sides  of 
the  excavation  is  filled  in  with  earth  well  rammed.  This 
operation  should  be  carefully  attended  to  throughout  the 
whole  of  the  backing  of  the  arch,  so  that  the  masonry  may 
not  be  exposed  to  the  effects  of  any  sudden  yielding  of  the 
ear  til  around  it. 

IdiL  The  earth  at  the  ends  of  the  tunnel  is  supported  by  a 
retaining  wall,  usually  faced  with  stone.  These  walls,  termed 
the  fronts  of  the  tunnel,  are  generally  finished  with  the 
usual  architectural  designs  for  gateways.  To  secure  the  ends 
of  the  arch  from  the  pressure  of  the  earth  above  them,  cast- 
iron  plates  of  the  same  shape  and  depth  as  the  top  of  the 
arohy  are  inserted  within  the  masonry,  a  short  distance  froii 
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the  ends,  and  are  secured    bj  wrought-irun    rods   firmlj 
anchored  to  the  masonry  at  some  distauce  from  each  end. 

1^2,  The  working  shafts,  which  are  generally  made  cylin 
diical  and  faced  with  brick,  rest  upon  stroiig  curbs  of  eajBt 
iron,  inserted  into  the  masonry  of  the  ai-ch.  The  diameter  of 
tlie  shaft  within  is  ordinarily  nine  feet, 

753,  The  ordinarj^  difficulties  of  tunnelling  are  greatly  in- 
creased by  the  presence  of  water  in  the  soil  through  which 
the  work  is  driven.  Pumps,  or  other  suitable  machinery  for 
raising  water,  placed  in  the  working  shafts,  will  in  some 
eases  be  i-equisite  to  keep  them  and  the  drift  free  from  water 
until  an  outlet  can  be  obtained  for  it  at  the  ends,  by  a  drain 
along  the  bottom  of  the  drift  Sometimes,  when  tlie  water  ig 
found  to  gain  upon  the  pumps  at  some  distajace  above  the 
level  of  the  crown  of  die  tunnel,  an  outlet  may  be  obtained 
for  it  by  driving  above  the  tunnel  a  drift-way  between  the 
shafts,  giving  it  a  suitable  slope  from  the  centre  to  the  two 
extremities  to  convey  the  water  off  rapidly. 

In  tunnels  for  railways,  a  drain  should  be  laid  under  the 
balasting  alv»ug  tbe  axis,  upon  the  inverted  arch  of  the  bottom* 

Tunnelling  in  i-ock  is  greatly  facilitated  at  the  present 
day  by  powuivdrilling-macliincs,  which  are  driven  by  com- 
pressed ait%  By  this  means  they  are  able  to  advance  three 
times  as  fast  as  by  hand  labor.  The  corapmssed  air  greatly 
facilitates  ventilation.  The  Alont  Cenis  tunnel  (nearly  i  miles 
long)  and  the  lloosac  tunnel  (about  4  miles  long)  have  been 
driven  in  lliis  way,  and  the  St.  Godard  tunnel  (nearly  13  miles 
long)  is  now  in  pi-ocesa  of  construction  on  the  same  plan. 

754*  The  following  extracts  are  made  from  a  series  of 
papers,  published  in  the  London  Engineering ^  from  Oct*  7, 
1870,  to  December  30,  1870,  giving  a  translatitm  of  a  work 
by  Baron  von  Weber,  Director  of  the  State  Railways  of  Sax* 
ony,  with  running  eommei-ts  by  the  translator,  detailing  tho 
experiments  made  by  the  author,  and  giving  his  deductiona 
from  them,  on  the  StahiUty  of  the  Pernuinsfit  Way, 

Eaion  von  Weber  desired,  in  the  first  place,  to  ascertain 
what  wa3  the  fninimufn  thickness  which  would  be  given  to 
the  web  of  a  rail,  in  order  that  the  latter  might  still  posseea 
a  greater  power  of  resistance  to  lateral  forces  than  theiasten 
ings  by  which  it  was  secured  to  the  sleepere. 

755.  Resistance  of  Rail  to  liateral  Forces.  Frnm  the 
experiments  the  result  was  deduced,  that  the  least  thickness 
aver  given  to  the  webs  of  rails  in  practice  is  more  than  suf- 
ficient, and  that  if  it  were  possible  to  roll  webs  i  in.  thick, 
such  webs  would  be  amply  strong,  if  it  were  not  that  there 
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would  be  a  chance  of  their  being  torn  at  the  i>oiiit8  where 
they  ai-e  traversed  by  the  fish-plate  bolts.  Baron  von  Webei 
coachides  that  webs  f  in.  or  |^  in.  thick  are  amply  strong 
enough  for  raiU  of  any  ordinary  height,  and  that  in  fact  the 
webs  should  be  made  as  thin  as  the  process  of  rolling,  and 
as  the  provision  of  sufficient  bearing  tor  the  lish-plate  holts 
will  permit 

756.  StabiUty  of  the  Permanent  Way,  The  stability  of 
a  oermanent  way  structure  in  a  longitudinal  directionj  is  con- 
sidered by  Baron  von  Weber  as  depending  upon  the  l>ed- 
dinff  of  the  sleepers  in  the  ballast^  the  friction  of  the  rails  up- 
on  the  sleepers,  the  strength  of  the  spikes  or  other  fastenings, 
and,  lastly,  upon  the  strength  of  the  connections  between  me 
ends  of  the  rails.  Theie  connections  have,  in  the  first  place, 
to  keep  the  heads  of  the  rails  in  their  pro|^r  position  with  re 
gard  to  each  other ;  next,  to  give  to  the  joint  a  certain  amount 
of  rigidity ;  and  iiually,  to  insure  that  the  horizontal  or  verd- 
eal  deflections  of  the  two  rails  connected  take  place  together. 
Of  tlie  many  forms  of  connections  which  have  from  time  to 
time  been  proposed  for  rails,  but  two  practically  fylfil  the  con- 
ditions just  mentioned,  these  two  being  the  joint  chair  and 
the  tish  joint,  in  their  various  modifications  and  forms, 

We  DOW  come  to  the  researches  made  by  Baron  von  Weber 
to  detenninc  the  power  nf  permanent  way  structures  t^o  resist 
forces  tendinis  to  displace  the  entire  system.  Baron  von 
Weber  states  that  as  the  speed  of  trains  was  increased  on  Ger- 
man railways,  there  was  noticed  a  peculiar  and  dangerous 
displacetnent  of  the  permanent  way,  this  displacement  taking 
place  chiefly  where  trains  pass  from  straight  to  curved  por- 
tions of  the  lino,  or  from  curved  portions  to  level  and  st might 
lengths,  over  which  they  passed  at  an  increased  speed.  It  waa 
also  observed  tliat  the  dis  placemen  ta  at  the  first -mentioned 

f joints — displacements  which  consisted  in  the  shifting  of  the 
ine  towards  the  convex  side  of  the  curves — were  caused  prin- 
cipally by  engines  having  long  wheel  bases  and  a  compara- 
tively light  load  on  the  leading  wheels;  while  the  displace- 
ment of  the  straight  portions  of  the  lines  was  due  mainly  to 
the  action  of  powerful  engines  with  short  wheel  bases  and 
considerable  overhang  on  each  end.  In  this  latter  case  the 
horizontal  oscillations  which  produced  the  displacements  w«^-e 
almost  uhrays  found  to  arise  from  the  eSent  of  vertical  im* 
pact  due  to  a  loose  joint  or  some  loc^l  settlement  in  the  line, 
the  engine  being  thus  not  merely  caused  to  lurch  heavily  side- 
ways, butbeinj;  also  made  to  oscillate  in  a  vertical  plane,  thiia 
alternately  relieving  and  *njreasiiig  the  loads  on  the  leading 
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ftTid  trailiTi^  wheels.  Under  these  circurastanceB,  when  the 
flange  of  the  .eadine  wheel  struck  the  rail  latemllv  at  tlie 
Ba:iie  thne  that  the  load  on  the  latter  was  decrease(£  by  the 
momentary  relief  of  the  leading  wheel  from  a  portion  of  tha 
weight  it  oupjht  to  carry,  there  was  a  greater  displacement 
than  thei-e  otherwise  wouUl  have  been  owing  to  tne  dimin- 
ished friction  between  the  permanent  way  structure  and  ita 
foundatif»n.  Both  tlie  classes  of  displacements  to  which  w© 
have  referred  were  found  to  be  less  in  permanent  way  struc- 
tures possessing  considerable  vertical  rigidity  than  iii  those 
of  a  mure  flexible  character. 

757.  Experiments  on  the  Powder  of  Permanent  Way- 
structures  to  resist  Horizontal  Displacements  of  the 
entire  System.  These  experiments  were  made  to  obtain 
answers  to  the  five  following  questions: — 

a.  Wliat  is  the  resistance  offered  by  a  wclbbedded  sleeper 
of  average  size  against  lateral  displacement  in  the  ballast  ? 

h,  ^Vliat  is  the  resistance  of  the  whole  structure  against 
displacement  at  one  point,  and  what  is  the  influence  of  the 
ballast  and  bedding,  on  and  in  whi(*«h  the  structure  rests,  upon 
this  resistance  ? 

e.  How  far  does  the  filling  against  the  ends  of  the  sleepeiis 
increase  tliis  resistance  ? 

(L  To  what  extent  is  the  resistance  to  lateml  displacement 
increased  by  the  load  on  the  structure  \ 

e.  How  far  does  the  application  of  piles  or  stones,  etc., 
etc.,  increase  this  resistance? 

The  deductions  to  be  niade  from  the  experiments  referring 
to  questions  a  and  J,  Baron  von  Weber  considers  to  be 
as  lullows:  1st.  Tlie  resistance  of  unloaded  well-bedded  per- 
manent wav-^itrnctm-es  is  comparatively  small,  a  lateral 
pressure  of  trum  3tJ  to  50  centners  being  snfiacie'it  to  break 
the  connection  between  the  sleeper  and  the  gr*.iund.  This 
pressure  is  less  than  that  which  would  he  exerted  by  the 
centrifugal  force  due  to  the  passage  of  a  25-t(in  locomo 
tive  through  a  curve  of  1,*'<>0  feet  radius,  at  a  speed  of  30 
miles  per  hour,  supposing  that  this  ecutrifuj^al  force  was  not 
eouuteracted  by  superelevation  of  the  exterior  rail.  2d.  The 
nature  of  the  ballast  in  which  tlie  sleepers  of  unloaded  pier- 
manent  way -structures  are  bedded  has  no  imjxjrtant  intiueneo 
m\  the  resistance  to  lateral  displacement  3d.  The  pressure 
requisite  for  producing  the  horizontal  displacement  of  an  un- 
loaded structure  increases  mitil  this  displacement  has  reache  ' 
a  certain  amount,  generally  between  12  and  18  millLmotT 
(from  U.472  in*  to  U.708  "n.),  when  the  f urtlier  displacement^ 
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up  to  50  to  75  millimetres  (2  in,  to  3  in,)  is  produted  without 
any  considerable  augmentation  in  the  pres&ure,  until  irially 
a  considerable  tension  is  Bet  up  in  the  different  parts  of  tho 
8tmcturt\ 

Baron  von  Webei-^s  conclusions  from  the  experiment?  re- 
ferrin^j  to  question  c  are  as  follows:  1st.  That  the  filling 
of  ballast  against  the  ends  of  the  sleepers,  up  to  the  t(»p 
surface  of  tlie  latter,  has  an  insignificant  influence  upon 
the  resisting  power  of  the  structui*c  to  lateral  displacement, 
parti tnilarly  if  the  structure  is  unloaded,  and  if  a  one-sided 
tiltfng  is  possible.  2d.  That  if  the  ballast  is  not  tilled  against 
the  ends  of  the  sleepers,  the  elasticity  5f  the  rails  will  taring 


back  the 


structure  into 


its  original  position,  on  the  removal 


of  the  pressure,  even  after  considerable  displacement,  as  in 
this  case  small  portions  of  ballast  cannot  fall  between  the 
end  of  the  shifted  sleeper  and  the  undisturbed  end  filling, 
m  is  the  case  when  tlie  practice  of  filling  up  against  the  enda 
is  followed. 

We  now  oome  to  the  experiraenta  made  by  Baron  von 
Weber  to  obtain  an  answer  to  question  d.  It  was,  of  course, 
requisite,  in  order  that  a  proper  comparison  might  be  insti- 
tuted, that  these  experiments  should  be  conducted  under  cir- 
cumstances as  nearly  as  possible  identical  with  those  which 
existed  when  the  resistance  of  displacement  of  the  unloaded 
structure  waB  investigated ;  and  in  selecting  portions  of  per- 
manent way  for  the  last-mentioned  experiments,  therefore, 
Buch  lengths  were  chosen  as  would  afford  space  for  the  experi- 
ments with  the  loaded  structure,  wnthout  introducing  any 
variations  in  bedding,  tirnmess  of  the  l>allftst,  etc.,  etc. 

The  results  of  seven  sets  of  trials  show  that  the  resistance 
of  the  structure  to  lateml  displacement  was  increased  almost 
tenfold  by  the  load  of  twenty -seven  tons;  and  that  lateral 
pressures  which  produced  in  the  unloaded  structnre  displace- 
ments entirely  inadmissible  in  practice,  did  luH  aftect  the 
loaded  stnicture  in  m^j  perceptible  degree,  Tlie  portion  of 
tlie  unloaded  stmctnre  sliifted  by  the  press  in  the  a!>ove  ex- 
periments weighed  almost  exactly  2^  tons,  while  the  ti>tal  mass 
moved,  including  the  filling  against  the  ends  of  the  sleepers, 
weighed  3  tons ;  and  taking  tliis  into  consideration,  it  apjieared 
as  if  the  resistance  to  displacement  varied  directly — as  indeed 
it  might  have  been  supposed  it  w^ould  do — as  tlie  weight 
resting  on  the  w>nnd. 

Baron  von  Webers  conclusion  with  regard  to  fb'  ♦ 

ia,  that  the  force  required  to  produce  the  If 
ment  of  a  permanent  way-structure  ie  dire« 
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to  the  weight  by  which  the  structure  is  pressed  upon  the 
ground. 

758,  Experiments    relating   to    Question  e.    In    con 

Bidering  the  influence  of  piles  or  stakes  driven  into  the  ballast 
against  the  ends  of  the  sleei>er8  to  prevent  lateral  fthifting  ol 
the  latter.  Baron  von  Weber  remarks  that  the  resisting  power 
of  such  piles  has  been  very  differently  '*  estimated  ■'  by  rail- 
way enmneoi-Sj  but  thtit  as  far  as  he  is  aware  the  advantagei^ 
or  di^avantages  attending  the  use  of  such  piles  has  never 
been  ascertained  by  experiment.  Many  elements  evidently 
exercise  an  inlluence  on  the  lateral  displacement  of  pilee 
di'iven  ^^ertically  into  the  ground,  and  experiments  made 
with  a  view  of  ascertaining  the  lateral  resistance  of  such 
piles  can  only  show  in  a  very  general  manner  how  far  the  ad- 
vantiiges  derived  from  their  use  will  counterbalance  the 
extra  expense  they  involve*  The  i-esnlta  obtained  by  experi- 
ment are  moreover  lialde  to  great  variations.  Thus,  a  pile 
driven  deeply  into  solid,  loamy  soil,  offers  in  dry  weather 
great  resistaiice  to  lateral  displacement,  whereas  after  a 
snower  of  rain — not  strong  enough  to  soak  into  the  ground, 
but  capable  of  penetrating  the  narrow  crack  formed  between 
the  pile  and  surrcjunding  earth  by  the  vibrations  caused  by 
the  traffic— the  upper  end  of  the  pile  can  he  moved,  by  the 
application  of  a  comparatively  small  force,  to  an  extent  sufB* 
cient  to  render  it  useless  as  a  means  of  lateral  support  for  the 
sleeper.  Thus  Baron  von  Weber  has  found  that  piles  which, 
in  dry  weather,  require  a  force  of  from  15  to  20  cwt.  to  shift 
their  heads  laterally  through  a  distance  of  one  inch,  could  be 
mo\  ed  to  the  same  extent  by  the  force  of  about  5  cwt,  after 
a  shower  of  rain  lasting  barel}'  one  hour. 

The  elements  by  which  the  lateral  stability  of  such  piles  as 
tiiose  we  are  now  considering  is  affected  are:  the  diameter, 
length,  and  section  of  the  pile,  the  description  of  wood  of 
which  it  is  raade,  and  the  nature  of  ground  into  which  it  ia 
driven.  To  determine  the  influence  of  all  these  elementfl  in 
their  various  combinations  a  very  extensive  series  of  experi- 
ments would  have  been  required,  and  Baron  von  Weber 
therefore  coutincd  his  researches  to  ascertaining  the  maxi 
mum  resistance  of  such  stakes  as  are  used  on  the  Saxon 
state  railways,  avaihng  himself,  however,  of  all  available 
opportunities  of  noticing  the  resistance  under  unfavorable 
circumstances. 

The  principle  was  laid  down  that  a  displacement  of  the  lopj 
of  a  pile  to  tlie  extent  of  10  millimetres  (=0,39  in,)  shoalal 
be  considered  as  iuoonsistent  with  its  further  uscfuhiesft* 
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In  tins  series  of  trials  flie  pressure  acte<J  against  a  number 
of  oak  stakes,  some  of  round  and  scMiie  of  square  section,  and 
varvin!^  froin  2  ft,  11^  in,  to  3  ft,  llj  in.  long.  The  ground 
was  solid  sand  or  mixed  gravel,  and  some  of  the  stakes  had 
been  in  use  foi*  a  considerable  time,  while  othei-a  were  driven 
expressly  for  the  experiments.     The  results  showed  that  a 

Sressnre  of  from  3  cwt.  to  5  cwt,  was  quite  sufficient  to  pro- 
uce  the  lateral  displacement  of  10  millimetres  {—O.Bd  in.) 
whilst  a  pressure  of  7  cwt.  almost  forced  the  stakes  out  of  the 
ground.  These  experiments  showed,  therefore,  that  in 
ground  of  this  kind  piles  driven  against  the  ends  of  the 
ileepers  could  not  exercise  the  least  influence  upon  the 
stability  of  the  permanent  way-etructure. 

In  these  trials  the  pressure  acted  against  a  pile  4  in*  in 
diameter  and  2  ft.  ll^  in,  long,  driven  into  a  heavy  loamy 
ballast,  which  had  been  laid  down  about  ten  years  over  the 
broken-stone  hedding  of  an  old  line.  The  results  which  we 
Bubjoin  show  that  the  resisting  power  of  such  a  pile  would  be 
of  but  little  use  for  increasing  the  lateral  stability  of  the 
fttructure. 

Three  trials  were  made  on  a  pile  4  in.  square  and  4  ft. 
i  1  in.  long,  driven  into  the  same  ground  as  the  pile  tested  in 
the  last  series  of  experiments. 

The  results  showed  that  the  length  and  section  of  the  pile 
exercise  an  important  influence  on  its  resistance  to  lateral 
pressure.  It  was  found  in  these  last  two  series  of  experimentfi 
that  when  the  displacement  of  tlie  piles  became  threat,  the 
ground  hehind  them  cracked  radially  and  rose  considerably  ; 
while,  when  the  cracks  reached  certain  dimensions,  it  waft 
found  that  no  increase  of  pressure  was  required  to  pi*oduce 
a  furtlier  displacement  of  the  piles. 

Baron  von  We!)er*B  conclusions,  drawn  from  the  experi- 
ments relating  to  question  ^,  are  as  follows:  1st.  That  the 
fesistance  of  piles  driven  into  sandy  or  other  li*^ht  ground  ia 
«0  insignificant  that  the  use  of  such  piles  under  such  circum- 
Btances  will  not  produce  an  increased  stability  of  the  structure 
against  lateral  displacement ;  2d.  That  the  resistance  of  piles 
driven  into  heavy  solid  ground  is  much  greater  than  that  of 
piles  driven  into  sandy  gnnmd ;  but  that  even  in  the  former 
cAse  the  piles  must  be  driven  rather  closely  if  they  are  to 
aflurd  any  efticicnt  resistance  to  small  lateral  diFiplacements 
of  the  permanent  wav-structure  ;  3d.  The  resisting  power  of 
piles,  and  especially  tlieir  resistance  to  small  displacements, 
mcreasing  with  their  length,  and  in  a  more  rapiti  ratio  than 
the  latter*  it  is  considered  that  no  piles,  to  produce  au  effect 
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com  men  Bu  rate  with  their  cost,  slioiild  have  a  length  of  len 
than  5  ft. ;  and  5th.  The  signs  of  c(*n6iderahle  dieplaceTnente 
of  piles  may,  under  certain  circnmstanceB,  aieappear  after 
the  causes  of  these  displacements  have  been  removed,  with- 
out, however,  the  piles  regaining  their  former  stability, 

759.  Experiments  to  determine  the  po"wer  of  perma- 
nent vray. structures  to  resist  the  loosening  of  the  rails 
&om  the  sleepers.  It  is  remarked  by  l^arcm  von  Weber 
that  in  investigatinff  the  stabih'ty  of  the  connection  between 
rails  and  sleepers,  it  has  to  be  borne  in  mind  that  the  re- 
sistance of  the  rails  to  displacement  depends  upon  three 
things,  viz. ;  First,  the  holding  power  of  the  fastenings  I 
(bolts,  spikes,  etc.,  etc*)  bv  which  the  rails  are  secured  to  thai 
sleepers ;  second,  to  the  increased  friction  between  the  base 
of  Uie  rails  and  the  sleeper^s  wbich  is  caused  by  a  load  stand- 
ing on  the  mils  ;  and,  tlnrd,  by  the  friction  between  the  rails 
and  the  wheels, this  friction  causing  the  axles  to  form  ties  be 
tween  the  two  lines  of  rails  on  which  their  wheels  rest.  It 
will  thus  be  seen  that  the  gauge  of  a  line  of  rails  is  pre- 
served  not  merely  by  the  fastenings  securing  the  rails  to  the 
sleepers,  but  also  by  other  fomes  of  considerable  importance 
acting  both  on  the  top  and  hottjom  of  the  rails. 

The  passage  of  the  iMjlling  stock  is  considered  by  Baron 
von  Weber  to  produce  on  the  rails  the  following  effects: — 

1.  Under  all  circumstances  a  vertical  pressure  tending  to 
force  the  rails  into  tlie  sleepers,  the  latter  yielding  to  this 
force  in  all  cases  where  they  are  not  made  of  materials  of 
vei-y  hig!i  resisting  powers,  such  as  stone  or  iron.  Wooden 
sleej^ers  are  of  course  compressed  by  the  vertical  pressure  of 
the  trains,  and  one  p<Mnt  to  be  determined,  therefore,  is^— 

760.  (<?)  To  what  extent  are  shepers  of  various  fovfiis  and 
materials  compressed  by  (he  loads  actin/^  on  the  raih  f 

%  There  is  a  horizontal  pressure  resulting,  in  the  case  of 
curves,  partly  fmm  centrifugal  force  and  jmrtly  from  the 
rigidity  of  the  rolling  stock,  and,  in  the  case  of  straight  lines, 
from  the  oscillation  of  the  vehicles.  This  horizontal  pres- 
sure— which  may,  however,  change  into  a  pressure  acting  at 
a  more  or  less  acute  angle  to  tlie  surface  of  the  sleepers — 
tends  to  alter  the  position  of  the  rail  on  the  sleeper  in  tw^o 
ways,  namely:  firbt,  by  shifting  tlie  rail  on  the  sleeper  with' 
out  alteritig  t!ie  inclination  ot  the  former;  and,  second,  by 
canting  the  rail  and  causing  it  to  turn  on  a  point  situated 
more  or  less  near  to  its  outer  edge,  according  to  tlie  com- 

Sressibility  of  the  sleeper.     The  nrst  of  these  two  kinds  of 
isplacem^nt  is  resisted  by  the  horizontal  resistance  of  tb« 
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epikes  or  otber  faBteninga,  by  the  friction  between  the  wheel 
and  the  mil,  and  by  the  friction  between  the  base  of  the  rail 
and  the  sleeper,  and  the  question  to  be  answered  by  the  ex- 
periments relating  to  this  kind  of  displacement,  therefore, 
is— 

'^*  (./)  ^fi^^  power  w  required  to  dt^>iace  a  fastened 
and  loadtd  rail  hori-zontally  on  its  siegers  f 

The  second  kind  of  displacement  just  mentioned,  or  cant- 
ing of  the  rails  outwards,  is  resisted  by  the  direct  holditjg 
power  of  the  fastenings  connectiasc  the  rail  to  the  sleeper, 
and  by  the  friction  between  the  wheel  and  rail.  Tlie  ques- 
tions to  be  answered  by  t!ie  investigations  relating  to  thiP 
matter,  themfore,  are — 

{g)  W/mt  force  is  required  to  draw  the  spiJ:es  out  of  the 
sleepers  f  and 

(^)  What  force  is  required  to  overcome  the  oomMfwi  r^ 
srlst'iince  due  to  tlu  fLolwifig  power  of  the  spikes  in  tks  sleqih 
ers,  and  ths  friction  between  the  rath  and  wheels  t 

The  following  sets  of  experiments  were  carried  out  by 
Baron  von  Weber,  in  order  to  obtain  answers  to  the  above 
questions: — 

The  most  striking  result  obtained  is  the  deterioration  of 
the  sleepers  under  the  influence  of  the  traffic  at  the  points 
where  tlie  rails  rest  np<»n  them.  Thus  it  will  be  seen  tliat 
in  the  case  of  the  lir  sleepei's  the  average  compressions  under 
the  load,  at  the  unnsed  and  old  hearing  surfaces  respectively, 
were  5»3  and  9.7  mils, ;  wliile  the  average  permanent  com- 
presstnns  were  1.1  and  2.6  rails.,  the  latter  re^ulfc^  being 
about  double  the  former. 

Another  remarkable  result  is  the  actual  amount  of  the 
compression,  this  amount  averaging  as  much  as  5,3  millime- 
tres (^=  0.208  in.)  for  new  and  sound  fir  sleepei^s,  and  9.7  mil- 
limetres (—0,382  in.)  for  fir  sleepers  averaging  five  yeai'sold. 
Baron  von  Weber  considei's  that  these  results  point  to  the 
necessity  of  employing  rigid  rails,  so  as  to  distribute  the 
effects  of  the  pressure  of  the  rolling  stock  as  far  as  possible 
over  a  number  of  supports,  and  that  they  also  show  the  ad- 
vantage of  employing  sleepers  of  hard  timber. 

The  results  of  the  firet  group  of  experiments  relating  to 
questitm  (e)  Baron  von  Weber  summarizes  as  follows : — 

1,  Tiutt  sound  fir  sleepers  140  millimetres  (  =  5,5  in.)  thick 
and  20U  milliuietres  (=7,87  in.)  wide  are  compressed,  on  an 
average,  one  millimetre  (0.039  in.)  by  a  load  of  5,6  kilogram' 
mes  per  square  centimetre  (=79.6  lb.  per  square  inch),  it 
teing  su{>j)ofied  tliat  they  have  not  before  been  subjected  to 
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Biicb  a  load.  At  places  where  rails  liave  already  been  bear 
iiig  np«iii  tlie  sleepers  for  6<)me  time,  this  compression  is  iri- 
crea6€d  to  one  inillinietre  for  each  load  of  4  kilogrammes 
per  eimare  ceiitiinetre  (=56.88  lb.  per  square  inch). 

2.  Tlie  action  of  the  trains  increases  considerably  the  conr» 
pressihility  of  tlie  eleepei"8  at  the  points  whei-e  the  rails  bear 
iip<_>n  tlieuL 

3.  That  the  compressibility  of  wooden  sleepers — and  esi:»e- 
cially  of  fir  sleepers — is  so  great,  that  it  is  necessary  to  aia- 
tribute  tlie  pref^sure  of  the  trains  npon  the  sleepei-s  aa  far  aa 
pofisible  by  the  employment  of  rigicf  rails, 

4.  That  increasing  the  number  of  sleepers  in  order  to  in» 
crease  the  canying  power  of  a  permanent  way,  is^  theore- 
tically and  economically,  a  wrong  mode  of  obtaining  that 
end. 

5*  That  in  the  event  of  lateral  presenre  being  brought  to 
bear  against  the  head  of  the  i-ail,  the  resisting  power  of  fir 
sleepers  is  not  sufficiently  great  to  prevent  a  canting  of  the 
rail  consequent  npon  the  impression  of  one  side  of  the  base 
into  the  sleeper,  lleuce  mooiefjtary  alterations  in  the  gauge 
are  allowed,  these  alterations  disappearingj  however,  on  the 
removal  of  tlie  lateral  pressure,  and  leaving  no  traces  on  the 
spikes,  sleepers,  or  rails. 

6.  Tlie  compression  of  fir  sleepers  under  the  bases  of  the 
jails  is  so  great  that  the  cellular  structure  of  the  wood  ia 
slowly  destroyed,  and  a  cutting  or  indentation  of  the  sleepera 
at  the  points  of  bearing  takes  plat^e,  this  action  being  accele- 
rated wlien  the  upper  fibres  <^t  the  wckxI  have  been  more  oi 
less  deprived  of  their  elasticity  by  the  action  of  the  weather. 

The  above  conclusions  are  justified  by  Baron  von  Webei-'s 
further  investigjitions. 

Baron  von  AVeber's  deductions  fi*om  the  second  group  of 
experiments  relating  to  question  (e)  are  as  follows: — 

1.  When  the  influence  of  the  rigidity  of  the  rail,  etc,  upon 
the  transference  of  the  pressm^  of  the  rolling  load  to  the 
sleeper  is  taken  into  account,  it  may  be  considered  tbat  the 
compression  of  the  sleeper  itself  takes  place  in  the  same 
manner  under  the  action  of  either  a  steadily  applied  or  a  roll- 
ing load* 

2*  Tlrat  the  sinking  of  well-bedded  sleepers  into  the  ground 
en  whtcli  they  rest  is  proportionately  insignificant  even  under 
the  action  of  considei^ble  rolling  stocrk* 

3.  That  if  the  base  of  the  rail  ha?  a  bearing  surface  of  220 
square  centimetres  (=  32^  square  niches)  upon  a  stjund  fir 
•leeper  between  f^ur  and  six  years  old,  and  140  millimetret 
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(=  5.5  incbes)  thick,  a  load  of  l,5(i0  Icilograraiiies  applied 
through  the  rail  will  compreRS  the  sleeper  one  nii  Hi  metre. 
Or,  ill  other  words,  a  load  of  ahiiiit  7  kilogrammes  per  square 
centimetre  (=  99.54  lb.  per  sqiiare  inch)  will  produce  the 
compression  jiiat  mentioned  on  those  parts  of  the  sleepers 
whicii  have  ilready  been  frequently  exposed  to  that  during  a 
considerable  time. 

AlthtJiigh  the  seriea  of  experiments  we  have  JTist  described 
are  not  extensive,  Baix>n  von  Weber  considej-s  that  tlie  follow- 
ing deductions  may  be  drawn  from  them :  1st.  That  the  i*e- 
fiistance  of  tlie  spikes  to  the  horizontal  displacement  of  tlie 
rails  upon  the  sleepers  is  proportionately  so  insignificant  that 
most  of  the  movements  of  the  rolling  stock  which  would  be 
capable  of  producing  a  displacement  of  the  rails  on  the 
sleejjers  would  suffice  to  overcome  this  resistance  ;  and,  2d» 
That  the  power  of  resistance  of  the  spikes  to  horizontal  dis- 
placement decreases,  after  that  diBplacement  has  once  begun, 
in  a  more  rapid  ratio  than  the  displacement  itself  increases; 
and  hence  that  the  continued  action  of  the  rolling  sttjck  will 
produce  generally  greater  displacements  than  a  sudden  and 
great  pressure  or  force, 

762.  Herr  Funk's  Experiments  on  the  Resisting  Power 
of  Railw^ay  Spikes.  The  experiments  made  by  Ilerr  Fimk 
on  the  holding  power  of  milway  spikes  constitute,  as  we  re- 
marked, one  o£  the  most  important  investigations  of  the  kind 
ever  carried  out,  the  experiments  being  directed,  not  merely  to 
ascertaining  the  power  of  the  spikes  to  resist  a  force  tending 
to  draw  them  straight  out  of  the  timber,  but  also  to  deter- 
mining their  resistance  to  lateral  displacement.  The  eftect  of 
moditications  in  the  forms  of  the  spikes,  and  variations  in  the 
nature  of  the  timber  into  which  they  were  di-iven  were  also 
taken  into  consideration. 

The  resisting  power  of  railway  spikee  depends  chiefly — 

1,  Upon  the  kind  of  timber  of  wiiich  the  sleeper  is  formed, 
and  the  condition  of  the  latter. 

2,  Upon  the  shape  and  dimensions  of  the  spikes. 

3,  Upon  the  mode  of  driving  thera  into  the  sleepers. 

The  following  results  are  derived  from  the  above  investi- 
gations, and  from  former  experience  gained  in  the  construcs- 
tion  and  maintenance  of  permanent  way-structures : — 

1.  Sleepers  made  of  oak  are  preferable  to  those  made  of 
fir  and  deal,  not  only  on  account  of  their  greater  durability, 
but  also  on  account  of  the  greater  resisting  power  which  tliey 
give  to  the  spikes.  Although  experience  nas  not  yet  ?uf* 
nc:ently  proved  the  proportionate  aurability  of  prepared  onk| 
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&r,  and  pine  sleepers,   it  h^  nerertbeleas,  ftdvisable  to 
oak  sleijpefB^  even  in   cases  where  tbe   prices  for  the 
are  1)  or  If  times  as  high  aa  those  for  the  softer  kiuds  < 
wocd 

2*  Joint  sleepers,  where  a  great  resisting  power  of  thi 
spikes  is  especially  necessary,  onght  to  be  made  of  oak,  even 
in  those  cases  where  that  timber  costs  about  2  or  2^  times 
mnch  as  fir  or  pine.  If  the  diiferenoe  of  the  price^  how^ 
ever,  is  still  greater^  the  joint  sleepers  of  fir  onght  tci 
made  lai^r,  m  order  to  enable  a  greater  redstuie  power 
to  be  obtained  for  the  spikes  by  giving  the  latter  additioiial 
length. 

3,  If  the  intermediate  sleepers  are  made  of  fir,  one  or  twn 
of  these  sleepere — according  to  whether  15  or  21  ft-  rail^ 
are  nsed^-onAt  to  have  two  spikes  on  the  outside  of  the  rail 
base^  f  jr  smalibedplates,  3  or  4  inches  wide,  shonld  be  adopled. 
in  order  to  increase  the  resisting  power  of  the  spikes  agaixksl^ 
lateral  pressure,  and  especially  to  bring  the  inside  spike  also' 
into  action.  The  number  of  these  outside  spikes  or  bedplates 
onght  to  be  increased  in  curves  of  small  radii  on  the  outer 
line  of  rails,  or  ought  to  be  provided  with  a  bedplate  with 
two  holes. 

4.  The  impregnation  of  the  sleepers  with  chloride  of  zinc 
does  not  influence  the  resisting  power  of  the  spikes,  but  thi 
power  seems  to  be   a  little  less  for  newly  prepared  sleepers  ^ 
which  are  still  completely  saturated  with  water. 

b.  The  bellied  spikes  possess  the  smallest  resisting  power,  i 
this  power  being  only  0.7  or  0.9  of  that  for  prismatic  spikes! 
of  the  same  weight 

8,  No  favorable  r^ult  is  obtained  by  twisting  the  spikes  or 
by  ja^ng  their  edges. 

T.  The  resisting  power  of  double  pyramidal  spikes  of  short 
length  is  for  deal  about  J  greater  than  tliat  of  straight  pris- 
matic spikes  of  the  same  weight;  this  advantage  does  not 
exist,  however,  in  the  case  of  spikes  of  greater  length,  nor 
when  the  spikes  are  driven  into  oak. 

8.  The  simple  pyramidal  spikes  and  the  prismatic  spikee,  if 
both  are  driven  equally  deep  into  the  wood,  offer  the  same  re- 
sisting  power  a^inst  being  drawn  out  of  tlie  timl>er,  whilsli 
if  the  same  volume  of  l^th  is  driven  into  the  woixl,  thel 
holding  power  of  the  former  is  for  oak  and  for  long  sj>ikes 
alx^ut  ^,  and  for  deal  and  for  sliorter  spikes  abimt  J 
gi-eater  than  the  resisting  power  of  prismatic  spikes.  Bui 
with  respect  Ui  the  resisting  power  against  lateral  displace* 
ments  within  the  limits  important  for  permanent  way-stnio- 
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tures,  the  prismatic  spikes  are  in  a  similar  proportion  stronger 
tliati  pvrainidal  Bpikes. 

\h  The  pyramidal  spikes  costing  alxrat  20  per  cent,  more 
than  prismatic  spikea  of  tlie  same  weight,  the  advantage  of 
tjie  sniailer  vohiine  of  iron  driven  into  the  wood  for  the  ne- 
ccKsarj  depth  of  5  or  t>  inches  (found  by  experience  to  be  a 
sufficient  aepth  for  the  spiking  of  rails),  is  completely  com- 
pensated ;  the  prismatic  spikes  are,  therefore,  preferable  to 
pymmidal  spikes,  as  the  former,  besides  their  greater  resisting 
power  against  lateral  pressiu'e,  liave  not  the  great  disadvan- 
tage of  the  latter  spikes  of  becoming,  when  once  loosened, 
Boon  entirely  powerless, 

763.  Baron  von  Weber's  llxperiments  on  the  Re- 
sisting Power  of  Spikes,  The  experiments  above  de- 
scribed being  of  a  very  satisfactory  kind,  Baron  von  Weber's 
researches  were  condncted  so  as  to  deal  with  qnestiona  to 
which  Ilerr  Funk's  experiments  did  not  relate,  and  they 
were  especially  carried  out  for  tlie  purpose  of  ascertaining 
the  influence  of  the  pressure  of  the  wheels  against  the 
rails  nix>n  the  resisting  power  of  the  spikes. 

The  average  results  deduced  by  Bamn  von  Weber,  from  the 
experiments  we  have  recorded,  are  that,  in  the  case  of  the  fir 
sleepei-s,  a  force  of  about  1,850  lbs,,  and  in  the  case  of  oak 
sleepers,  a  force  of  about  3,000  lbs.  was  required  for  dra\^ing 
Uie  spikes.  As  the  latter  had  73  square  centimetres,  or  11.3 
square  inches,  of  surface  in  contact  with  the  timberSj  the 
forces  required  for  drawing  the  spikes  were : 


Fotuida  per  Bquan  1 


of  Biirf  ace. 

In  fir  sleepers 163.2 

In  oak  sleepers 269.6 


These  values  for  tJie  holding  power  are  nuich  less  than  thoee 
found  by  von  Kaven  and  Funk,  and  there  is  also  somewhat 
less  difference  between  the  respective  holding  powers  in  fir 
and  oak  tlian  was  shown  by  tlie  researches  or  thcjse  experi- 
mentersw  Baron  von  Weber,  however,  considers—and  we  agree 
with  him — that  the  difference  between  von  Kaven  and  Funk's 
results  and  his  own  are  fully  accounted  for  by  the  fact  that 
in  the  latterexperiments  the  spikes  were  not  merely  subjected 
to  a  pull  in  the  direction  of  their  axes,  but  were  exposed  also 
U>  lateral  pressure,  the  puUbein^  exerted  on  the  underside  ol 
the  nose  or  head.  Baron  von  Weber  considers  also  that,  from 
ihe  fibi^es  of  oak  having  less  ffexibility  than  thoee  of  fir,  thii 
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lateral  pressure  would  produce  greater  loceening  of  the  spiket 
iu  the  lonnerthan  in  the  latter  timberjand  hence  there  would 
he  less  difference  in  the  holding  power  of  the  Bpikes  in  the 
two  kinds  of  sleepers,  than  was  shown  by  the  researches  of 
former  experimentei-s,  who  applied  a  direct  pull  to  the  spiked* 
This  fact  shows,  as  is  remarked  by  Baron  von  Weber,  that 
results  of  dii-ect  practical  value  can  only  be  obtained  by  ex- 
periuiente  carried  out  under  the  circumstances  which  extst  in 
actual  practice,  and  he  considers,  for  this  reason,  that  the 
values  tor  the  holding  jx)wer  of  spikes  deduced  from  hia  re* 
searches  are  more  reliable  for  practical  use  than  those  ob- 
tained from  previous  experiments. 

764.  Experiments  on  the  eflfeets  of  Bedplates,  After 
the  preceding  experitnents  had  been  carried  out,  it  became  de- 
sirable, in  order  to  complete  the  inquiries  relating  to  the  in- 
fluence of  the  means  usually  adopted  for  effecting  the  con- 
nection  between  the  rails  and  sleepers,  that  some  expcrimenta 
should  be  made  to  ascertain  the  effect  of  interposing  rolled 
iron  bedplates  between  the  sleepers  and  rails.  Such  bed- 
plates are  generally  supposed  to  serve  three  piirposes*  Thus, 
tirst,  they  render  the  spikes  driven  into  the  sleepera  on  both 
sides  of  the  rail  dependent  on  each  other,  it  being  impiesible 
for  one  to  be  displaced  %rithout  the  other  being  displaced 
also ;  and  thus  it  might  be  expected  a  priori  that  the  resist- 
ance of  the  spikes  to  lateral  tlisplacement  would  be  doubled. 
Second,  the  plates  prevent  the  impression  of  the  edge  of  the- 
rail  into  the  sleeper,  an  actio? i  wliich  is  often  the  reason  for 
the  rail  canting;  and,  third,  they  pntctically  increase  the 
bearing  surface  uf  the  base  of  the  rail  upon  tlie  sleeper. 

In  this  series  of  trials,  two  pieces  of  rails  were  fastened,  at 
the  usual  gauge  apart,  upon  three  fir  slcepei-s,  and  between 
the  rails  and  tlie  central  sleepei^  were  placed  bedplates  of  the 
Fif^a34.  Fig,  886.  shape  shown  in  Figs.  234  ana  235.  The 
spikes  fitted  the  holes  in  the  plate  well,  and 
at  the  same  time  pressed  firmly  against 
the  bases  of  the  rails*  The  plates  were 
arranged  in  such  a  manner  that  the  side  of 
one  hole  was  placed  tcjwards  the  inside  of 
the  rails,  and  the  press  acted  against  the 
heads  of  the  rails  directly  above  the 
plates, 

Ttie  effect  of  the  plates  in  the  above  experiment  was  very 
clear,  and  they  evidently  increased  the  resistance  of  theapiket 
to  lateral  displacement  until  the  latter  has  been  drawn  out  of 
^hc  timber.    In  fact,  the  pressure  re«juii*ed  to  loosen  the 
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itnicture  waa  more  than  double  that  necessary  in  the  case  oi 

the  structure  without  plates. 

In  this  case,  the  rails  were  fixed  npon  two  fileepers,  bed- 
plates being  interposed  between  the  former  and  the  latter, 
and  the  press  being  placed  bo  as  to  act  ujK)n  the  heads  of  the 
rails  midway  between  tlie  two  sleepers. 

The  prevention  of  the  lateral  displacement  of  the  raila  re* 
suiting  from  the  use  of  plates,  was  in  the  above  instance  the 
cause  of  a  greater  stability  of  the  heads  of  the  rails,  but  it  at 
the  same  time  had  the  effect  of  causing  the  more  rigid  struc- 
ture to  become  loosened  with  a  less  widening  of  me  gau^ 
and  a  less  pressure  than  was  the  cjise  with  tJje  more  mastic 
structure  without  plates.  But  the  deferred  loosening  of  tho 
structure  without  plates  was  practically  of  no  value,  for  be- 
fore the  loosening  took  place  the  gauge  had  been  widened  to 
such  an  extent  that  the  line  would  have  been  unfit  for  use. 

In  these  trials  the  rails  were  fastened  upon  four  sleepere  with 
bedplates,  and  the  press  acted  against  the  heads  of  the  raili 
in  the  middle  between  the  central  sleepers. 

The  loosening  of  the  structure  with  plates  took  place  at 
a  smaller  widening  of  the  gauge,  but  at  a  much  greater  pres- 
sure than  that  of  the  structure  without  plates;  and  the  resist- 
ance of  the  structure  was  in  fact  increased  by  the  use  of  the 
bedplates  more  than  60  per  cent 

III  this  series  the  rails  were  fastened  down  to  five  sleepers, 
bedplates  being  interposed,  but  two  arrangements  oi  the 
plates  were  tested.  In  the  first  case,  all  the  bedplates  were 
arranged  in  the  same  manner  as  in  the  previous  experiments, 
that  18,  with  the  side  traversed  by  one  spike  placed  inside ; 
but  in  the  second  case,  the  plates  on  the  turee  ccTitral  sleepera 
were  turned  so  that  the  side  having  two  spikes  was  next  the 
centre  of  the  line.  Thus  six  extra  spikes  were  made  to  act 
against  the  canting  of  the  rails,  whilst  the  total  number  of 
spikes  securing  the  rails  to  the  sleepers  remained  the  same. 
The  second  arrangement  was  tested  ror  the  purpose  of  ascer- 
taining the  most  advantageous  method  of  placing  the  plates 
to  secure  stabilitj^  of  the  structure. 

The  above  experiments  showed  t\iat  the  stability  of  the  struc- 
ture was  practically  the  same  for  both  positions  of  the  plates, 
up  to  a  pressure  of  80  centners  (=  1*,075  lbs,).  The  spikes 
in  the  normal  arrangements  then  became  loose,  while  the  other 
arrangement  with  two  spikes  inside  the  rails  on  each  of  die 
three  central  sleepers  allowed  a  further  widening  of  tlie 
gauge  up  to  38  millimetres  ( =1.496  in.)  before  the  resisting 
l>ower  ox  the  fastening  ceased.     The  second  arrangement  u7 
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the  platea  tJius  offered  a  greater  resistance  to  the  deetrnctic'n  at 
the  structure  tlian  that  in  which  single  spikes  were  placed  in- 
side the  rails. 

765.  The  general  deductions  drawn  hy  Baron  von  "Weber 
from  all  the  experiments  relating  to  question  (^),  namely, 
W/uit  force  is  refjuired  to  draw  the  spikes  out  of  the  sleepers  T 
are  as  follows : — 

1.  That  the  force,  in  pounds,  required  to  draw  out  of  tim- 
ber rail-spikes  of  the  usual  form — that  is  to  say,  square  pris- 
matic spikes  with  chisel  points — is  to  he  found,  if  tl»e  strain 
iujts  directly  in  the  direction  of  the  axis  of  the  spike,  by  mul- 
tiplying the  area  of  the  surface  of  the  spike  in  contact  with 
the  tiniber  by  the  following  numbers : — 

For  fir,    SOO  lbs.  \    \  p«r  square  moh  of  muf  aoe  of  the  diiTen  portioa  ol 
''  oak,  600   **    f  J      the  spike. 

'^  fir,      47   ^^  (  j  per  aquone  centimetre  of  rarfaoe of  thodriren  potrticm 
'*  oak,   94    ''   S    (      of  the  spike. 

Ifj  however,  the  force  acts  laterally  as  well  as  in  the  direc- 
tion of  the  axis,  as  is  generally  the  case  in  pi*actice,  the  mul* 
tipliers  become  as  follows  :— 


For  fir,  150  Iba 
*»  oak,  S70  " 
**  fir,  25  ^' 
»  oak,     42    '' 


per  Bquare  iDch  of  sorfaoie  of  the  driven  portion  of  ^« 
spike. 

per  square  centimetre  of  surface  of  the  driven  por- 
tion of  the  spike. 


2.  That  spikes  driven  into  a  sleeper  for  the  second  time 
after  the  holes  iu  the  timber  have  been  filled  up,  offer  at 
first  greater  resistance  than  spikes  driven  into  new  sleepers. 

3.  That  but  very  small  forces  are  required  to  produce  a 
widening  of  the  gauge  to  the  extent  of  6  or  10  millimetres 
(0;236  iu.  or  0,394  in.)  as  such  amounts  of  widening  are  with- 
iu  the  limits  of  elasticity  of  the  structure,  and  require  no 
loosen iiigs  of  the  fastenings. 

4-  That  a  lateral  nressui-e  of  80  centners  (=  9,075  lbs.)  at 
the  most,  acting  against  one  point  of  the  head  of  the  rails,  is 
sufficient  to  produce  either  a  canting  or  lateral  displacement 
of  tlie  rails  to  such  an  extent  that  the  structure  at  this  poittt 
is  cotniiletely  and  permanently  loosened* 

5*  That  t!ie  force  required  for  the  further  spreading  and 
final  destruction  of  the  structure  is  much  lees  than  that  necea- 
swy  for  the  first  loosening,  the  fonner  being  seldotu  more 
than  75  per  cent  of  the  latter. 

6.  That  the  resistance  of  the  stnicture  to  a  pressure  acting 
■gainst  one  point  of  the  head  of  a  rail  does  not  inoreaae  in 
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direct  piaportion  to  the  number  of  sleepers  to  which  the  rail 
IB  fasteiieaj  hut  that  the  elasticity  of  the  rail  and  consequent 
toi^ion  perniitis  the  faisteiiings  upon  the  eeveml  sleepei-s  to  be 
l(K)sened  yticcesj^ively.  The  resistance  of  the  mils  to  torsional 
gtmins  may,  h<  >wever,  enable  the  fastenings  at  any  one  point 
to  receive  such  supjiortfroni  the  adjoining  fastenings  that  the 
resistance  to  canting  at  that  point  may  be  doubled* 

7.  That  if  the  elasticity  or  t!ie  rails  is  very  great,  a  widen- 
ing of  the  gauge  to  the  extent  of  25  millimetres  (=:0.984  in,) 
may  be  pmduced  without  remaining  permanent  or  without 
ihowiDg  sign?  of  having  occiirred  after  the  pressure  has  been 
removed.  This  is  more  likely  to  liuppen  if  the  widening  of 
the  gauge  is  produced  by  the  canting  of  the  rails  than  if  it  is 
due  to  their  lateral  displacement  on  the  sleepers;  in  the  latter 
case  the  displacement  of  the  fastening^  would  be  visible, 
whilst  in  the  former  a  sliglit  raising  of  the  spikes  in  the  di- 
rection of  their  axis  would  only  be  observed  under  very 
favoralde  circumstances. 

8.  That  in  the  case  of  structures  having  the  joints  of  the 
two  lines  of  rails  armnged  opposite  each  other  or  the  same 
sleeper^  the  points  on  which  the  joints  occur  offer  considera* 
bly  leas  resistance  to  a  widening  of  die  gauge  than  is  the  case 
when  the  rails  are  disposed  84>  as  to  break  joint,  the  propor- 
tionate resisting  powei*8  in  the  two  cases  being  about  as  7 
to  10,  Thus  a  pennanent  way,  having  the  joints  uf  the  two 
lines  of  rails  opposite  eacli  other,  has  as  many  points  as  there 
are  joints,  at  which  the  lateral  stability  or  power  to  resist 
widening  of  the  gauge,  ia  but  ^  oi  that  at  the  joints 
<*f  the  stnictui*e  having  the  rails  di&iK)6ed  so  as  to  break  joint. 
This  is  of  importance  with  respect  to  accidents  originating 
from  the  widening  of  the  gauge. 

9.  That  the  apjjlication  of  bedplates  between  the  rails  and 
sleepers  iuereasc^s — under  otherwise  equal  circumstances — tlie 
power  of  resistance  of  the  structure  to  latei'al  displacement 
of  the  rails ;  but  that  the  loosening  of  the  fastenings  takes 
place  with  a  smaller  displacing  movement* 

We  now  come  to  the  experiments  relating  to  question  (A), 
namely :  "  What  force  is  required  to  overcome  tiie  total  re- 
Bistanee  dne  to  the  combination  of  the  holding  power  of  the 
epikes  in  the  sleepers  and  the  friction  between  the  rails  and 
wheels  'i 

The  trials  just  recorded  are,  as  Baron  von  Weber  justly 
observes,  very  instructive,  for  they  prove  tliat  tlie  friction 
between  the  rails  aiid  the  sleepers,  j>Zm«  the  i-esislauce  of  th€ 
outside  spikes,  is  sufficient  to  keep  the  rails  in  their  places,  even 
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when  tlie  pressure  against  tlio  heads  is  such  as  to  catibe  the 
canting  of  the  rails  to  an  extent  sufficient  to  render  the  lino 
(intit  for  tmffic.  The  experiments  also  »how  that  the  insidd 
spikes  afford  proportionately  little  resistance,  and  that  thejr^ 
represent  the  weakest  points  of  the  structure.  In  fact,  tlia" 
fai?tened  and  loaded  rails  showed,  imder  the  influence  of  the 
same  displacing  power^  displacements  which  were  certainly 
not  less  than  those  obtiiined  in  the  case  of  the  structure  ir 
which  the  inside  spikes  had  been  hxisened. 

Nothing  now  remained  connected  with  this  part  of  Baron 
von  Weber's  investigations  but  to  collect  facts  snowing  the  in- 
fluence of  the  state  of  the  surface  of  the  rails  upon  the  stabil- 
ity of  the  structure. 

766.  The  deductions  made  by  him  from  the  experimenta 
relating  to  the  question  (A),  "  What  fo^rce  ta  required  to 
overcome  the  total  resistafice  due  to  the  comhi?iatwn  of  ths 
holding  power  of  the  spikes  in  the  sleepers  and  the  faction 
betweeti  tJie  rails  and  wheels  f*^  are  as  lollows; — 

L  That  the  resisting  power  of  the  rails  to  lateral  forces  ia 
oonsideraldy    increiised   tlirough   the    friction    between    tha, 
wheels  and  rails,  this  friction  causing  the  axle  to  form  a  kiiidl 
of  tic  between  the  two  rails. 

2.  That  if  the  l^iad  upon  the  rail  ia  more  than  9,075  Iba, 
per  wheel  or  vehicle,  the  resisting  power  of  the  rails  to 
ijanting  due  to  the  friction  just  mentioned  is  greater  tliau 
that  due  to  the  spiking  of  the  rails  in  tlie  ordinary  way  to  fir 
Blee|>er8. 

3.  That  the  resistance  of  the  rails  to  lateral  displacement 
on  the  sleepera  is  inci'cased  by  the  load  on  the  nUls  in  the 
propoition  of  0.33  of  that  load  ;  whence,  in  the  case  of  raila^ 
carrying  the  loud  of  ^^SO^  lbs.  per  wheel,  the  resistance  of  the 
rails  to  lateral  dinplucem^nt  on  the  sleepers  due  to  the  load, 
is  greater  than  that  due  to  the  resisting  power  of  the  spikea. 

4.  That  if  the  load  be  more  than  9,075  lbs.  per  wheel,  the 
f  rictional  resistances  cause  the  rails  to  be  supported  at  top 
and  bottom  against  both  canting  and  lateral  displacement, 
and  the  support  thus  afforded  is  more  effective  tlian  that  due 
to  the  ordinary  spiking. 

5.  That  the  forces  tending  to  produce  canting  and  lateral 
difiplaeement  due  to  the  horizontal  oscillations  or  the  rolling 
stock,  can  only  be  resisted  (at  least  in  most  cases)  by  the  com- 
bined action  of  the  spikes,  the  friction  between  the  wbeela 
and  rails,  and  the  friction  between  the  rails  and  sleepers. 

6.  Tliat  if,  therefore,  the  load  upon  ouq  point  of  tne  Btrao^l 
tme  be  partially  or  entirely  removed  by  tne  undue  vertica. 
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OBcillatioii  of  a  vehicle,  whilst,  at  the  same  time,  a  lateral 
oecjllation  of  the  vehicle  takes  place,  the  stability  of  the 
gtructure  apiiust  tlie  prcBsiire  due  to  this  lateral  oecillatioii 
depends  solely  upon  the  insufficient  resistiug  power  of  the 
Bpilves,  ami  t!ie  lateml  di&tortiou  and  displacement  are  the  un- 
avoidable consequences.  This  hist  deduction  is,  as  Baron 
von  'W'^cljer  justly  considersj  one  of  very  great  importance, 
and,  in  fact,  the  experimental  researches  upon  which  it  is 
founded  uuiy  be  saia  to  prove  the  cause  which  leads  to  the 
fterpentiue  displacemeuts  of  the  rails  but  too  fi-eqneutly  met 
with  on  Rtraiirnt  portions  of  a  line  of  railway,  parti culai^ly  if 
the  line  is  one  or  light  construction,  or  ie  traversed  by  Unxh 
motives  having  cousidcralde  overhang  at  the  leading  and 
trailing  ends.  If  such  a  portion  of  a  Tine  contains  a  sleeper 
badly  bedded,  which  sinks  unifonnly  throughout  its  entire 
length  under  the  influence  of  a  passing  load,  the  vehicle  pass- 
ing over  it  will  make  but  a  heavy  vertical  oscillation,  having 
no  iuiluenco  niK>n  the  lateral  resisting  poiver  of  the  structure. 
But  if  the  sleeper  sinks  under  one  rail  more  deeply  than  un- 
der tlie  Oliver,  the  oscillation  of  the  vehicle  will  be  at  oucq 
horizontal  and  vertical,  and  the  load  will  be  removed  more  or 
less,  fii"6t  frcim  the  trailing  and  then  from  the  leading  axle, 
thus  causing  tJie  lateral  pressure  due  to  the  horizontal  cvscilla- 
tions  to  be  excited  thi-ough  the  tires  of  the  wheels  with  full 
power  against  the  rails. 

In  euch  a  case  it  is  almost  unavoidable  that  the  point  of 
the  unli>aded,  or  partially  unloaded,  structure  should  be  dis- 
placed laterally;  but  this  displacement  having  once  occurred, 
the  oscillations  of  the  passing  vehicles  become  &c»  consider- 
able, both  in  a  horizontal  and  vertical  direction,  that  the  dis- 
placement of  the  j-ail  is  soon  repeated,  and  only  favorable 
circumstances,  such  as  coincidence  of  the  cjscillations,  can 
then  produce  a  uniform  motion  of  the  vehicles.  The  dis- 
placements  just  referred  to  are  considered  by  Bai-on  von 
Weber  to  be  most  dangerous,  both  for  the  stability  of  the 
structure,  and  the  passage  of  the  trains,  because  their  original 
causes  can  only  be  discovered  with  great  difficulty,  even 
when  the  permanent  way  is  most  carefully  maintained. 

76  7.  Notwithstanding  the  great  value  of  the  results  ob- 
tained from  the  experiments  we  have  already  described,  it  is 
imdeniable  that  t*ome  of  the  nuiio  questions  relating  to  tlie  sta- 
bility of  permanent  way-structures  can  only  be  finally  an- 
swered by  ascertaining  the  amount  of  the  momentary  dctleC' 
tions  and  displacements  of  the  rails  w^  Inch  actually  occur  when 
a  line  is  subjected  to  the  action  of  passing  trains,  1  nt  whicb 
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disappear  cither  entirely,  or  almoet  entirely,  after  tlie  actiou 
vvliieh  eaufiea  them  ceases,  aud  which  are  thua^  uuder  ordmury 
eirciimfitances,  likely  to  escape  observation. 

The  momentary  aeflections  and  displacements  just  referred 
to  may  be  divided  into  two  classes,  namely,  those  which  ap* 
parently  disappear  on  the  removal  of  the  load,  and  thoee 
which  disappear  absolutely.  To  the  first  class  belong  those 
dedections   aud   displacements    which,  although  causing  m 

f greater  or  less  loc»sening  of  the  structure,  ai-e  yet  within  the 
imits  of  elasticity  of  the  i-ails,  so  tliat  the  latter,  after  the  pas- 
sage of  the  train,  return  to  their  normal  positions,  and  there 
are  only  left  to  make  tlie  movements  which  have  taken  plac^ 
the  small  lateral  displacements  af  the  spikes,  or  small  itnnre^ 
sions  of  the  sleepers  by  the  bases  of  the  rails.  Such  marks  of 
displacements  are  likely  to  escape  any  but  very  careful  in- 
spection ;  yet,  taken  altogether,  they  may  allow  to  the  rails 
an  amount  of  play  or  liberty  to  cant  which  may  produce 
dangerous  results.  The  second  class  of  momentaiy  dis])lace- 
meutSj  on  the  other  hand,  consists  of  those  which  take  place 
within  the  limits  of  elasticity  of  the  permanent  way-structure 
as  a  whole,  all  the  paits  i^etuming  to  their  normal  positions  on 
the  removal  of  the  cause  of  tlie  disturbance.  Such  momen- 
tary alterations  as  these  in  the  positions  of  the  rails  occur  lesa 
frequently  than  those  of  the  former  class,  but  they  uiay  uever- 
thefess  become  dangerous  under  certain  circumstances  which 
will  be  spoken  of  hereafter. 

We  now  come  to  the  deductions  drawn  by  Baron  von  Weber, 
from  the  results  of  the  various  series  of  experiments  j-ecorded 
by  us  in  the  preceding  articles  of  the  present  series.  It  ia 
the  opinion  of  the  Baron  that  the  tendency  of  advanced  rail* 
way  practice  is  to  abandon  tlie  ordinary  system  of  iron  or 
steel  mils  fixed  on  wooden  sleepers  for  the  use  of  permanent 
,way-structin*es  formed  of  ii*on  aloi^e,  and  he  considers  tliat 
ultimately  lines  of  rails  will  be  constructed  as  continuous  gir- 
ders, strong  enough  to  resist  all  the  actions  of  the  rolling 
stock,  and  resisting  directly  upon  projierly  pj^pared  gi^ouna, 
withuut  the  intervention  of  intenned.ute  membej-s  or  perish- 
able materials.  "  Looking  back,*'  he  says,  '*  upon  the  experi- 
mental re^earclies,  we  are  struck  by  an  exti-aordinary  fact,  tlio 
remarkal>le  character  of  which  is  enhanced  by  the  circum- 
stance that  it  has  been  little  known  and  still  less  taken  into 
consideration*  This  fact  is  tliat  heavy  trains  and  powerful 
eugines  have  already  ran  longer  than  the  age  of  the  preseul 
genei-ation  upon  lines  or  structures,  the  llexibJlity  of  wnich  ii 
BO  great  that  every  wheel  leaves  its  impression,  And  every  iM* 
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pillalion  produces  a  displacement ;  and  of  niiich  (he  stahilitj 
— as  far  as  it  depeiitls  upon  the  resisting  power  of  its  ineehan 
ical  parts — is  so  small  in  proportion  to  the  disturbing  influ- 
ences brought  to  bear  npon  it,  that  almost  any  one  (»r  these 
influences  would  destroy  the  stnietnre  if  it  were  not  that  the 
very  load  itself  increased  the  stability  thnnigh  the  agency  of 
the  friction  bet%reen  tlie  w^ieels  and  the  rails.  It  would  be 
quite  unworthy  of  engineers  and  engineering  science  to  reply 
that  as  the  tmflic  has  for  a  lont^  period  been  satisfactorily  car- 
ried on  lines  possessing  such  ifexibility,  that^  therefore,  it  is  of 
no  importance  whence  the  sta^bility  coniea^  &o  long  as  it  is  there 
when  required.  We  might  as  well  state  that  the  neighborhood 
of  a  certain  jvowder-mill  is  free  from  danorer,  because  explo- 
sions have  occurred  but  rarely  during  tlielast  five-and-tliirty 
years.** 

763.  Deduotlons  of  Baron  von  Welier  from  tatiulated 
results.  Baron  von  Weber  makes  a  series  of  deductions  wluch 
are  worthy  of  the  careful  attention  of  both  locomotive  sunerin* 
tendents  and  engineers  in  charge  of  permanent  way.  These 
deductions  are  in  substance  as  follows : — 

1.  That,  as  is  well  known,  six-wheeled  lot^omotives,  when 
running,  oscillate  round  their  central  axle,  a  dipping  or 
plunging  motion  taking  place  towards  the  leading  and  trail- 
ing end  alternately.  Thus  the  loads  upon  the  leading  and 
trailing  springs  vary  according  to  tlie  osci  liar  ions,  and  conse- 
quently the  pressures  exerted  by  the  leading  and  trailing 
wheels  upon  the  rails  vary  also. 

2.  That  in  the  case  of  engines  on  which  the  experiments 
were  made  the  greatest  load  ira[K>sed  in  this  manner  upon  the 
springs  exceeded  the  normal  load  by  1<^*3  per  cent,  (the  in- 
crease  of  load  being  fmm  70  to  lOO  centners  })er  wheel)  in 
the  case  of  the  leaaing  springs,  and  by  74  per  cent,  (the  in- 
crease being  from  115  to  200  centners  per  wheel)  in  the  case 
of  the  trailing  springs. 

3.  That  the  maximum  loads  just  mentioned  are  much 
greater  than  that  hxtd  down  by  the  rules  acknowledged  by 
German  railways,  namely,  a  maximum  of  130  centners  per 
wheel*  Thus  in  determining  the  strength  of  permanent  way- 
structures  this  great  inci^ease  of  the  ]>re&8ure  sometimes  exer- 
cised upon  the  rails  should  be  taken  into  consideration. 

4.  That  the  load  upon  the  springs  is  sometimes  reoiced 
during  the  running  of  the  engine  to  about  7  per  c*ent.  of  the 
normal  load  (the  reduction  being  from  78  to  5  centners)  in 
the  ca»e  of  the  leading  springs,  and  to  26  per  cent,  of  the 
ocrmal  load  (from  114  to  30  centners)  in  the  case  of  the 
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trailing  Springs.     Tlie  decrease,  or  even  sometimes  the  alinoei 
entire  removal  of  the  load  from  the  leading  eprings  is  sur- 
prising.    The  experiments,  of  whiehan  account  ha.s  just  been 
given,  prove  that  the  permanent  way  is  momeritarily  sub* , 
jected  fo  far  g^reater  load^  than  it  is  ordinarily  supposed  tof 
carry,  and  further  that  it  is  sometimes  almost  entirely  i-^lieved 
of  its  load  m  above  stated*     It  appears  als(»  certain  that  there 
exl&t  liorizontal  <jsciIlations  of  the  vehicles  prochiced  at  fij*st- 
hy  partially  vertical  oscillations,  and  there  thus  exists   the^ 

frreatest  prolmbility  of  the  coincidence  of  such  a  relief  from 
oad  as  has  just  been  meiitionedj  with  a  horizontal  oscillation 
towards  the  rail  from  which  the  load  has  just  been  removed, 
the  result  being  a  displacement  of  the  permanent  way,  as, 
under  the  circumstances  suppoeed,  the  opposition  offered  by 
the  latter  is  but  that  due  to  its  mechanical  structure.  The 
experiments  on  t!ie  stability  of  permanent  way  already  de- 
scribed, together  with  the  investigations  of  the  variations  of 
load  on  the  wheels  of  the  engines,  explain  in  a  satisfactory 
manner  the  causes  of  many  cases  of  widening  of  the  gaugad 
and  displacement  of  the  Btructure  previously  conaidcred^ 
inexplicable, 

5,  Tlie  difference  between  the  maximum  and  miniiniim 
loads  resting  at  different  times  on  the  same  spring  varies  by 
more  than  double  the  normal  load  in  the  case  of  tlie  leading 
wheels  ;  but  seldom  by  mure  than  40  per  cent,  of  tliat  loa<^ 
in  the  case  of  the  trailing  wheels,  a  circutnstance  which  indi- 
cates that  the  real  centre  of  oscillation  of  the  masses  forming 
the  engine  is  situated  between  the  driving  and  trailing  axle, 
and  not  over  the  former. 

6.  Tiiat  the  extreme  amounts  of  variation  in  the  Wds  on 
the  leading  and  trailing  springs  wei^e  found  to  occur  in  an 
engine  the  construction  or  which  would  have  least  justified 
the  expectation  of  their  taking  place.  This  engine  was  the 
**  PmmetJieus,"  in  which  themieel  base  differed  very  little 
from  the  length  of  the  boiler,  and  in  whicli  alxjut  60  iH3r 
cent  of  the  load  wa'*  removed  from  the  leading  wheel,  while 
that  on  the  trailing  wheels  was  reduced  to  77  per  cent,  of  the 
normal  load.  Tins  fact  points  strongly  to  tlic  dau*^er  often 
attendant  upon  placing  a  great  lead  upon  tiie  driving  axle, 
if  tlie  latter  h  situated  under  the  centi-e  of  the  engine. 

769.  Sleepers.  The  preservation  of  sleepers  liy  chemical 
processes  is  al wax's  the  subject  of  experiment  on  one  or  ant»ther 
of  our  railways.  The  practice,  however,  is  not  general  in 
this  country,  because  the  mashing  of  the  rail  into  the  sleepei 
asnally  destroys  it  in  advance  of  decay.      In  England,  tbi 
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beariiiffB  of  the  chains  used  with  the  doiible-heatled  rail  on 
every  sleeper  are  so  extended,  that  the  mechanical  injury  of 
the  W(x>d  is  quite  enialL  Prevention  a^i^inst  decay — nsnally 
immersion  in  c*ml-tar — is  therefore  genei-ally  practised.  The 
insulhrient  bearing  offered  by  sleepers  to  the  rails  is  thus, 
directly  and  indiieetly,  the  cause  of  tlicir  rapid  destruction. 
It  is  stated  that  placing  the  sleepeiis  closer  tlian,  say  two  feet 
apart  between  centres,  would  prevent  the  convenient  tamping 
of  the  ballast.  It  is  objected  to  the  lungitndinal  sleeper,  that  the 
rail  lying  parallel  with  the  fibre  of  the  wood,  mashes  into  it 
more  easily  than  into  the  cross-sleeper.  These  objections  to 
insufficient  bearing  are  not  inherent  in  either  system,  but  arise 
from  improper  constrnction.  Thoroughly  good  ballast  would 
not  require  continual  tamping.  It  is  even  pmposed  by  some 
of  our  most  exj^^erienced  engmeers  to  cover  t!ie  ballast  with 
a  coating  of  coal-tar  and  gravel,  to  absolutely  exclude  water, 
and  thus  pi-event  not  only  deciiy,  but  washing,  freezing,  heav- 
ing,  settling — all  destroying  elements  but  vibration  and  wear. 
In  this  case  the  timber  bearings  under  the  mils  should  be 
almc»st  continuous,  to  prevent  wear  both  on  the  ballast  and 
on  t!ic  rail.  The  mashing  of  rails  into  timbers,  either  longi- 
tudinals or  cnjss-sleepei-s,  is  largely  due  to  the  want  of  stiff- 
ness in  the  mils  themselves.  The  low  f\  rails  on  the  Great 
Western  of  England  are  the  most  notable  examples  of  this 
kind  of  failure.  If  the  injn  wasted  in  the  thictc  stem  and 
pear-head  of  our  worst  shaped  mils  were  put  into  the  height 
of  stem,  their  i"esistauce  tu  deflection  would  be  doubled,  thip 
r^istance  being  as  the  cube  of  the  depth. 

There  is  a  growing  convitftion  amuu^  engineers,  that  the 
longitudinal  system  will  become  standard.  It  offei-a  twice  to 
three  times  as  much  bearing  for  the  rail  as  the  cross-sleeper 
gystcm.  The  whole  strength  of  a  longitudinal  is  added  to  the 
strength  of  the  rail,  c<uiBidered  as  a  beam  to  cany  the  load. 
Tlie  sti'eni^th  of  the  cross- sleeper  in  this  direction  is  wholly 
waited.  I'he  longitudinal  is  almost  certain  to  prevent  the 
displacement  of  a  broken  rail.  This  system  has  never  been 
tried  on  a  largo  scale,  with  a  high,  stiff  rail.  It  requires  bet* 
ter  ballast,  and  more  thorough  adjostment  than  the  other 
system.  Independent  points  of  support,  like  the  isolated 
ends  of  cross-sleepers,  that  can  be  blocked  up  or  let  down  at 
pleasyre,  without  reference  to  the  rest  of  the  superstructure, 
•re  the  indispensable  accompaniment  of  bad  ballasting  and 
imperfect  drainage.  But  tliey  are  unsuited  to  any  system  of 
homogeneous,  continuous,  and  permanent  way. 

L*on  sleepers  are  commg  into  use  in  countries  where  tim- 
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ber  is  verj  costly  and  iins\iitahle,  and  are  the  subjects  ol 
various  experiments  in  England. 

The  great  defect  of  all  iinperiehahle  sleepers,  whether  stone 
or  iix>n,  has  V)een  want  of  elasticity.  An  anvil  under  a  nul, 
and  especially  under  a  joint,  is  as  bad  if  not  worse  than  an 
insufficient  j>upport. 

T70*  Rail-Joints.  The  selection  of  joint  fastenings  for 
the  ends  of  rails  is  somewhat  dependent  upon  the  weight  of 
mil  required,  and  hence  upon  the  traffic.  After  twenty  ye^rs 
of  competitive  trial  with  every  variety  of  fastening,  the  sim- 
ple "fish  joint" — an  imn  splice  on  each  side  of  the  rail — haa 
become  standai'd  in  Eui'ope,  and  is  gaining  ground  here*  It 
is  the  lightest  and  strortgest  fastening  tliat  can  be  applied, 
when  rails  are  higli,  and  j^^iroperly  shaped  to  receive  it  The 
old  difficulty  of  nuts  jarnug  loose  has  been  overcome  by  tlie 
use  of  elastic  washei'S.  Fishing  a  pear-headed  rail,  three  or 
tliree  and  a  half  inches  high,  would  be  perfectly  useless.  For 
light  rails,  and  for  steel   rails  (to  save  weakening  them  by 

Sunching)^  and  as  an  auxiliary  to  the  fish-joint,  the  no 
leevea'  fastening — a  light  clamp  u|X)n  the  contiguous  flanges 
of  two  rails — is  coraii^  largely  into  use.  The  mere  chair  ni 
seating  for  the  ends  oi  I'ails  is  no  longer  considered  safe  n<»r 
economical  for  lines  of  heavy  traffic.  Althouo^h  there  is 
room  for  farther  experiment,  it  cannot  be  said  that  the  de- 
mand for  a  good  rail-jcjint  has  not  been  met. 

7TL  Steel  Rails— The  Results.  Bessemer  steel  raila 
have  been  in  regular  and  extensive  use  abroad  over  ten  years. 
For  several  years  large  trial-lots  have  been  laid  on  variona 
American  roads  having  heavy  traffic. 

772.  The  Wear  of  Steel* Rails.    As  no  steel  rails  are  re-' 
ported  to  have  worn  out  on  our  roads,  the  comparative  dura- 
bility of  steel  and  iron  cannot  he  absolutely  determined* 

A  gi^at  number  of  instances  of  the  comparative  wear  of 
steel  were  cited*  In  one  case  twenty -three  iron  mils  had  been 
worn  out,  where  a  steel  i-ail,  laid  end  to  end  with  the  iron, 
was  not  yet  worn  down.  In  other  cases  the  wear  was  seven 
teen  to  one.  It  is  conceded  tJiat  any  steel  rail  will  outlast 
six  iron  rails.  In  fact,  the  remarkable  wearing  qualities  ol 
steel  rails  have  never  been  dctubted  or  questioned. 

773.  Breakage  of  Steel  Hails.  Some  steel  rails  of  Eng^ 
Ushj  French,  and  American  manufacture  have  broken  m 
service.  In  several  cases  the  cause  has  been  ascertained  by 
the  direct  analysis  of  the  broken  rail.  The  cause  was  phos 
phorus.  In  some  other  cases,  where  analyses  were  not  made^ 
the   general  character  of  the  iron  used   has   been   asoer 
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tamed,  and  the  trouble  has  been  inferred  to  be  pliospbonia, 
or,  in  euine  eases,  an  excess  of  silicon.  It  is  well  known  to 
steel  makers  that  a  \^Ty  minute  proportion  of  phnsphorua 
(above  0.2  per  (j:ent)  will  make  Bessemer  steel  brittle.  In 
other  cases  rails  have  broken  at  the  mark  of  the  **gai:^,"  or 
instrument  for  straighteinng  the  rail  cold.  The  rails  had  not 
been  properly  hot-straightened,  or  were  finiBlied  at  tun  low 
a  heat  More  rails  have  broken  thmugli  punched  fish-bolt 
holes,  and  at  punched  nicks  in  tlie  flange,  than  at  any  other 
places.  Ex  peri  men  ts  prove  tliat  punching  a  hole  in  a  steel 
rail  which  is  sufficiently  hard  to  wear  well,  weakens  it 

In  the  absence  of  fnnher  ofiieial  information,  it  is  fair  to 
assume  that  tlie  breakage  of  steel  rails  is  only  a  small  per 
centage  of  the  breakage  of  iron  rails.  Indeed,  the  latter  ifl 
of  daily  occurrence,  and  is  rarely  considered  by  the  public, 
except  when  lives  are  lost,  and  not  always  by  railway  man- 
agers when  they  make  contracts. 

774,  Tests  and  Improvemeots.  The  punching  of  steel 
mils  has  been  abandoned.  Several  kinds  of  power  and  hand 
drilling  machines  have  been  introduced,  that  do  the  work 
rapidly  and  well  The  loss  from  the  neutral  axis  of  a  rail, 
of  the  little  material  necessary  to  let  a  bc»lt  through,  cannot 
sensibly  weaken  it  To  prevent  the  rails  from  creeping,  the 
engineer  of  the  Pennsylvania  railway  pins  them  to  several 
sleepei-s  by  means  of  J  inch  holes  drilled  in  the  flange. 
There  are  also  other  and  better  devices  for  preventing  end 
movement,  which  do  not  weaken  the  rail  at  all.  The  grand 
advantage  of  steel,  for  service  under  concussiun  and  wear,  is 
its  homogeneity.  Ilaving  been  cast  from  a  liquid  state,  it  is 
sound  and  uniform,  and  Free  from  the  laminations  and  layers 
of  cinder  and  numerous  welds  which  characterize  wrutight 
iron,  especially  the  low  grades  of  wrought  iron  usually  put 
into  rails. 

775.  Improved  Traction  upon  Steel  Rails.  It  has  been 
too  much  the  practice  of  railway  managei^  to  consider  only 
the  increased  dumbility  of  steel.  A  less  striking,  but  per- 
haps equally  important  advantage  is,  that  it  has  couble  the 
strength  and  more  than  double  the  stiffness  of  iron. 

The  great  and  constant  resistance  to  traction,  and  ifh.^  wear 
and  tear  of  track,  wheels,  and  running  gear,  due  to  the  a^hec- 
tion  of  rails  between  the  sleepei'S  and  the  perpetual  seri«^  of 
resulting  concussions,  may  be  mui^h  reduced,  or  practioiH 
avoided,  by  the  use  of  rails  of  twice  the  ordinary  stiffues:^; 
in  such  a  case,  however,  reasonably  g(X>d  ballasting  and 
keepers  w^ould  be  essential.     When  a  whole  series  of  BWp- 
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ers  sinks  bodily  into  the  mnd,  the  consideration  of  deflection 
between  the  sleepers  is  a  premature  refinement  If  the 
weight  of  steel  rails  is  decreased  in  pro^rtion  to  their 
strength,  these  adv&ntages  of  cheaper  traction  and  mainte- 
nance will  not,  of  course,  be  realizea.  The  best  practice,  here 
and  abroad,  is  to  use  the  same  weight  for  steel  as  had  been 
formerly  employed  for  iron. 

776.  Steel-headed  Rails.  Many  attempts  have  been  made 
in  England,  on  the  Continent,  and  in  this  country,  to  produce 
a  good  steel-headed  rail,  and  not  without  success.  Puddled 
steel  heads  have  all  the  structural  defects  of  wrought  iron, 
as  they  are  not  formed  from  a  cast,  and  hence  homogeneous 
mass,  but  are  made  by  the  wrought-iron  process,  and  are,  in 
fact,  a  "  high"  steely  wrought  iron.    They  are,  however,  a 

great  improvement  upon  ordinary  iron,  although  probably 
ttle  cheaper  than  cast-steel  heads.  Boiling  a  plain  cast-steel 
slab  upon  an  iron  pile  has  not  proved  successful.  The  weld 
cannot  be  perfected  on  so  lai^  a  scale,  and  the  steel  peels 
off  under  the  action  of  car  wheels.  Forming  the  steel  slab 
with  grooves,  into  which  the  iron  would  dovetail  when  the 
pile  was  rolled  into  a  rail,  has  been  quite  sucoesafaL 


CASJOM. 


467 


CHAPTEK  VIIL 


CANALS, 


777*  Canah  are  artificial  chaDnela  for  water,  applied  to  the 
purpose  of  inland  navigation ;  for  the  supply  of  cities  with 
water;  for  draining;  for  irrigatitJii,  &c.,  &c. 

778,  liavigable  canals  are  divided  into  two  clasBes:  1st 
Canals  which  are  on  the  same  level  throughout  their  entire 
length,  as  those  which  are  found  in  low  level  coud tries. 
2d,  Canals  which  connect  two  points  of  different  levels,  which 
lie  either  in  the  same  valle}%  or  on  opposite  sides  of  a  di^adiug 
ridge.  This  class  is  found  in  broken  countries,  in  which  it  is 
necessary  to  divide  the  entire  length  of  the  canal  into  several 
level  portions,  the  communication  between  which  is  effected 
by  some  artificial  means*  Wlieti  the  points  to  be  coimected 
lie  on  opposite  sides  of  a  dividing  ridge,  the  highest  reach, 
which  crosses  the  ridge,  is  termed  the  »umfntt  leveL 

779*  Ist  Class,  The  surveying  and  laying  out  a  canal  in  a 
level  country,  are  operations  of  such  extreme  simplicity  as  to 
reoiiire  no  particular  notice  in  this  place. 

The  cross  section  of  this  class  (Fig.  236)  presents  usually  a 
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fig,  $89-Cr(Mi  wctioii  o<  •  oaoal  io  km!  oBtttz^ 
A,  w«,teT-w*j. 

C,  bcnna. 

E,  poddUog  of  <3l*f  or  Mnd. 

wxt?r-way,  or  channel  of  a  trapezoidal  fonn,  with  an  embank* 
ment  on  each  side,  raised  above  the  general  level  of  the 
conntrVt  ai^d  formed  of  the  excavation  for  the  water-way, 
|The  level,  or  surface  of  tlie  water^  is  usually  above  the  natural 
llDrfaee,  snflicJeut  thickness  being  given  to  the  embankments 
to  prevent  the  filtration  of  the  water  through  them,  and  to  re- 
sist its  pressure.  This  arrangement  has  in  its  favor  the  advan- 
tage of  economy  in  the  labor  of  excavating  and  embanking, 
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since  the  croes  section  of  the  cutting  may  be  8o  calculated 
to  fiimifih  the  necessary  earth  for  the  embankment ;  but  il 
exposes  the  surroundinff  countty  to  injury,  from  accidenta 
haptieiiing  to  the  embanlmients, 

Tne  relative  dimensions  of  the  parts  of  the  cross  seotic 
may  be  generally  stated  as  follows;  subject  to  such  modific 
tions  as  each  particular  case  may  seem  to  demand. 

The  width  of  the  water-way,  at  bottom,  should  be  at  lee&flfP 
twice  the  width  of  the  boats  used  in  navigating  the  canal ;  so 
that  two  boats,  in  passing  each  other,  may,  by  alieering  to- 
wards the  sides,  avoid  being  brought  into  contact. 

The  depth  uf  the  water-way  should  be  at  least  eighteen 
inches  greater  than  the  draft  of  the  boat,  to  facilitate  the 
motion  of  the  boat,  particularly  if  there  are  water-plaiita 
growing  on  the  bott^>m. 

Tlie  side  shapes  of  the  water-way,  in  compact  soils,  ahould 
receive  a  base  at  least  once-and-a-half  the  altitude,  and  pr 
portionally  more  as  the  soil  is  less  compact. 

The  thickness  of  the  embankments,  at  top,  is  seldom  regu* 
lated  by  the  pressure  of  the  water  against  them,  aa  thifc^  in 
most  cases,  is  inconsiderablej  but  to  prevent  filtration,  which, 
were  it  to  take  place,  would  soon  cause  their  destruction.  A 
thickness  from  four  to  six  feet,  at  top,  with  the  additional 
thickness  given  by  the  side  sl<»pes  at  the  water  surface,  will, 
in  most  cases,  be  amply  sufficient  to  prevent  filtrations,  A 
pathway  for  the  horses  attached  to  the  boats,  termed  a  t<, 
path^  which  is  made  on  m\e  of  the  embankments,  and  a  foot 
path  on  the  other,  wliich  should  be  wide  enough  to  serve 
an  occasional  tow-path,  give  a  superabundance  of  strength 
the  embankments. 

The  tow-path  should  be  from  ten  to  twelve  feet  wide,  to"^ 
allow  the  horses  to  pass  each  other  with  ease  ;  and  the  fi>ot* 
path  at  least  six  feet  wide.     The  height  of  the  surfaces  of 
these  paths,  above  the  water  surface,  should  not  be  less  thaa 
two  feet,  to  avoid  the  wash  of  tlie  ripple ;  nor  greater  thaai 
four  feet  and  a  half,  for  the  facility  of  the  draft  of  the  horseal 
in  towing.    The  surface  of  the  tow-path  should  incline  slightly 
outward,  both  to  conveT  off  the  surface  water  in  wet  weather, 
and  to  give  a  firmer  rooting  to  the  horses,  which  natmrallj^ 
draw  from  the  canal. 

The  side  slopes  of  the  embankment  Tary  with  the  character 
of  the  soil :  towards  the  water-way  they  should  seldom  be  ' 
than  two  base  to  one  perpendicular  ;  from  it,  they  may,  if  it  1 
thought  necessary,  be  less.  Tlie  interior  slope  is  usually  not 
carried  up  unbroken  fmm  the  bottom  to  the  top;  but  a  hori- 
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con  till  space,  termed  a  henchy  or  herm^  abont  one  or  two  feet 
wide,  16  left,  aljoiit  one  ftx>t  above  the  water  surface,  between 
the  side  slope  of  the  water-way  and  the  foot  of  the  em  ban  le- 
nient above  the  berm.  This  space  serves  to  prc>tcet  the  npper 
pait  of  the  interior  side  elope,  and  ie,  in  some  eases,  planted 
with  snch  Bhriibbery  as  grows  most  luxnnantly  in  aquatic 
localities,  to  protect  more  efflcacionBly  the  banks  by  the  sup- 
port which  its  roots  give  to  the  soii  The  side  slopes  are 
better  protected  by  a  revctement  of  dry  stone.  Aquatics  plants 
of  the  bulrush  kind  have  Ijeen  used,  with  success,  for  the 
same  purpose;  being  planted  on  the  bottom,  at  the  foot  of 
the  Bide  slope,  they  eerve  to  break  the  ripple,  and  preserve 
the  slopes  from  its  effects. 

The  earth  of  which  the  eml>ankment8  are  formed  should  be 
of  a  good  I)inding  character,  and  perfectly  free  frtjm  vegetable 
mould,  and  all  vegetable  matter,  as  the  roots  of  plantB,  etc. 
In  forming  the  enitmnkments,  the  vegetable  mould  should  be 
cai*efully  removed  from  the  surface  on  which  they  are  to  rt*8t ; 
and  they  should  lie  carried  np  in  unifonn  layers,  from  nine 
to  twelve  inches  thick,  and  be  well  rammed.  If  the  charac- 
ter of  the  earth,  of  which  the  embankments  are  foi'mcd,  is 
such  as  not  to  present  entire  security  against  filtration,  a  pud- 
dling of  clay,  or  fine  sand,  two  or  three  feet  thick,  may  !:>e 
laid  in  the  interior  of  the  mass,  penetrating  a  foot  below  the 
natural  surface.  Sand  is  useful  in  preventing  tiltration  canscd 
by  the  holes  made  in  the  embauKinents  near  the  water  sur- 
face by  insects,  moles,  rate,  &c. 

Side  drains  must  be  made,  on  each  side,  a  foot  or  two  from 
the  enibankments,  to  prevent  the  surface  water  of  the  natural 
surface  from  injiiriiig  the  embankments. 

780.  2d  Class.  Tliis  class  will  admit  of  two  subdivisions: 
let.  Canals  which  lie  throughout  in  the  same  valley ;  2d. 
Canals  with  a  summit  level 

LiOcation.  In  laying  out  canals,  belonging  to  the  first  sub- 
division, the  engineer  must  be  guided  in  his  choice  by  the 
relative  expense  of  confttruction  on  the  two  sides  of  the  valley ; 
which  will  depend  on  the  qnantity  of  cutting  and  filling,  the 
masonrv  for  tlie  culverts,  &c,,  and  the  nature  of  the  soil  as 
adapteil  to  holding  water.  All  other  things  being  equal,  the 
side  on  which  the  fewest  secondary  water-com^ses  are  found 
w^ill,  generally  speaking,  offer  the  greatest  advantage  as  to 
expense,  but  it  may  happen  that  the  secondary  water-courses 
will  be  required  to  feed  the  canal  ^ith  water,  in  which  ease 
it  will  be  neeessary  to  lay  out  the  line  on  the  side  where  they 
ftre  found  most  convenient,  and  in  most  abui  dance. 
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78L  Cross  seotion.     The  side  formationB  of  evcoavutioni 

aud  embankments  require  peculiar  earBj  particularly  the  la^ 
terras  any  crevices,  when  they  are  firet  formed,  or  wnieh  may 
take  place  by  Bettling,  might  prove  defitrnctive  to  the  work, 
111  moet  cases,  a  strattim  of  good  binding  earth,  liiiiDg  the 
water-way  throughout  to  the  thickness  of  about  fonr  feet,  if 
compactly  rammed,  will  be  found  to  offer  sufBcient  security, 
if  the  stibstriicture  is  of  a  firm  character,  and  not  liable  to 
settle.  Fine  sand  has  been  applied  with  success  to  stop  the 
leakage  in  canals.  The  sand  for  this  purpose  is  sprinkled, in 
small  (juantities  at  a  time,  over  tlie  surface  of  the  water,  and 
grarUiallv  fills  up  the  outlets  in  the  tettom  and  sides  of  the 
canal,  but  neitlier  this  nor  puddling  has  been  found  to  an- 
swer in  all  cases,  particnlarly  where  the  substructure  is  formed 
of  fragments  of  rocks  offering  large  crevices  to  tiltrations,  or 
is  of  a  marly  nature*  In  such  cases  it  has  been  found  neces- 
sary to  lins  the  water-way  thron^liout  with  stone,  laid  in  hy- 
draulic mortar.     A  lining  of  this  character  (Fig.  237),  both 
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at  the  bottom  and  sides,  formed  of  flat  stones,  about  fonr  in- 
ches thick,  laid  on  a  bed  of  hydraulic  mortar,  one  inch  thick, 
and  covered  by  a  similar  coat  of  mortar,  making  the  entire 
thickness  of  the  liniiig  six  inches,  has  been  found  to  answer 
all  tlie  required  pnrpoees.  This  lining  should  be  cohered,  both 
at  l>(>ttoni  and  on  the  sides,  by  a  layer  of  grKxi  earth,  at  least 
three  feet  thick,  to  protect  it  frcJtn  the  shock  of  the  boata 
striking  cither  of  those  parts. 

The  cross  section  of  the  canal  and  its  tow-paths  in  deep  cnt- 
ting  (Fig,  238)  should  be  regulated  in  the  same  way  ad  in 
canals  of  the  first  class ;  but  when  the  cuttings  are  of  consid- 
erable depth,  it  has  been  recomniended  to  reduce  both  to  the 
dimensions  strictly  necessary  for  the  passage  of  a  single  boat 
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n^  S8S-€n»ii  Rflcttan  of  k  ckiua  In  deep  oaCtlDg. 
B*  rfAe  dopea  of  catting. 

By  tills  reduction  there  would  be  some  economy  in  the  excu 
vatioiiB ;  but  this  advantage  woiildj  geneTally,  be  of  too  tri- 
fling a  character  to  be  placed  aa  an  offset  to  the  inconveni- 
ences resulting  to  the  navigation,  particnlarly  where  an  active 
trade  was  to  be  carried  on, 

782.  Stimmit  level.  As  Jhe  water  for  the  supply  of  the 
Buminit  level  of  a  canal  mnst  be  collected  from  the  ground 
that  lies  above  it,  the  jx>sition  selected  for  the  summit  level 
ehould  be  at  the  lowest  point  practicable  of  the  dividing  rido^e, 
between  the  two  branches  of  the  canal.  In  selecting  this 
point,  and  the  direction  of  the  two  branches  of  the  canal,  the 
engineer  will  be  guided  by  the  considerations  with  regard  to 
the  natural  features  of  the  surface,  which  have  alreaoy  been 
dwelt  upon. 

783.  Supply  of  ^«rater.  The  quantity  of  water  required 
for  canals  with  a  stimmit  level,  may  be  divided  into  two  por- 
tions. Ist  That  which  is  required  for  the  summit  le%^el,  mid 
those  levels  which  draw  from  it  their  supply,  2d.  That 
which  is  wanted  for  the  levels  below  those,  and  which  is  fur- 
nished from  other  sources. 

The  supply  of  the  first  portion,  which  must  be  collected  at 
the  summit  level,  may  be  divided  into  several  elements;  1st. 
The  quantity  required  to  fill  the  summit  level,  and  the  levels 
which  draw  their  supply  from  it  2d.  the  quantity  recjuired 
to  supply  losses,  arising  from  accidents ;  as  breaches  in  the 
banks,  and  the  emptying  of  the  levels  for  repairs.  3d.  The 
supplies  for  losses  from  surface  evaporation,  from  leakage 
through  the  soil,  and  through  the  lock  gates,  4th.  The  quan- 
tity  required  for  the  service  of  the  navigation,  arising  from 
the  parage  of  the  boats  from  one  level  to  another.  Owing 
to  the  want  of  sufficient  data,  founded  on  accurate  observa- 
tions, no  precise  amount  can  be  assigned  to  these  various  ele- 
ment* which  will  serve  the  engineer  as  data  for  rigorous  cal- 
culation. 

The  quantity  required,  in  the  first  place,  to  fill  the  summit 
level  and  its  dependent  levels,  will  depend  on  their  size,  an 
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eleuient  which  can  be  readily  calculated;  and  upon  the  qiiiu 
tity  which  would  eoak  into  the  soil,  which  is  an  element  of 
very  indeterminate  character,  depending  on  the  nature  of  the 
soil  in  the'diffei'ent  levels. 

The  supplies  fur  accidental  lo&ses  are  of  a  still  less  deter- 
minate character. 

To  calculate  the  supply  for  losses  fix>m  surface  evaporaliofi| 
correct  r^bservations  must  be  made  on  the  yearly  amonnt  or 
evaporation,  and  the  quantity  of  rain  tliat  falls  on  the  sur- 
face;  as  the  loss  to  be  supplied  will  be  tlie  difference  be- 
tween tliese  two  quantities. 

With  regard  to  the  leakage  through  the  soil,  it  will  depend 
on  the  greater  or  less  capacity  which  the  soil  has  for  hoidiBg 
water.  This  element  varies  not  only  with  the  nature  of  the 
8(»il|  but  also  with  the  shorter  or  longer  time  that  the  canal 
may  have  been  in  use ;  it  having  been  found  to  deci^ase  with 
time,  and  to  be,  comparatively^  but  trifling  in  old  canals.  Ini 
ordinai-y  soils  it  may  be  estimated  at  about  two  inches  in 
depth  every  twentv*iour  hours,  for  some  time  after  the  canal 
is  first  opened,  "fhe  leakage  through  the  gates  will  depend 
on  the  workmanship  of  these  parts.  From  experiments  by 
Mr.  Fisk,  on  the  Chesapeake  and  Ohio  canal,  the  leakage 
thj-ough  the  locks  at  the  summit  level,  which  are  100  feet 
long,  15  feet  wide,  and  have  a  lift  of*  8  feet^  amounts  to 
twelve  locks  full  daily,  or  about  50  cubic  feet  per  nnnnte. 
The  monthly  loss  upon  tlie  same  canal,  from  evapomtion  and 
filtration,  is  about  twice  the  quantity  of  water  contained  in 
it*  From  experiments  made  by  Mr,  J.  E.  Jervis^  on  the  ErUf 
canab  the  total  loss,  from  evaporation,  filtration,  and  leakage 
through  the  gates,  is  about  100  cubic  feet  per  minute,  for 
each  mile. 

In  estimating  the  quantity  of  water  expended  for  the  eer- 
Tice  of  tha  navigation,  in  passing  the  boats  from  one  level  to 
another,  two  distinct  cases  reqmre  examination:  1st.  Where 
there  is  but  one  lock  between  two  levels,  or  in  other  woi^b, 
when  the  locks  are  is<^>lated.  2d.  When  there  are  several 
contiguoas  locks,  or  as  it  is  termed,  ^flight  of  locks  between 
two  levels. 

784.  A  l^HiJi^  is  a  small  basin  just  large  enough  to  receive 
a  boat,  in  which  tie  water  \&  usually  confined  on  the  sides  by 
two  tipright  walls  of  masonry,  and  at  the  ends  by  two  gates, 
which  open  and  shut,  both  for  the  purpose  of  allowing  the 
boat  to  pass,  and  to  cut  off  tl»e  water  of  the  upper  level  tram 
the  lower,  as  well  as  from  the  lock  while  the  boat  is  in  it.  To 
paes  a  boat  from  one  level  to  the  other— from  the  lower  to  the 
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upper  end,  for  example— the  lower  gates  are  cpcned^  and  rlie 
lx>at  having  entered  the  lock  they  are  shut,  and  water  is  drawn 
h'oin  the  upper  level,  by  means  of  valves,  to  fill  the  lock  and 
raise  the  b(mt ;  wlien  this  operation  is  finished,  the  nnper  garea 
are  ojiened,  and  the  boat  is  passed  ont.  To  descend  fi-ora  the 
upper  level,  the  lock  is  first  filled ;  tlie  njiper  gates  are  then 
miened,  and  the  boat  passed  in  ;  tbeso  gates  aTO  next  shut,  and 
the  water  is  drnwn  from  the  lock  by  valves,  until  the  boat  is 
lowered  to  the  lower  level,  when  the  lower  gates  are  opened 
and  the  boat  is  passed  out. 

In  the  two  operations  just  described,  it  is  evident,  that  for 
the  passage  of  a  boat,,  up  or  down,  a  quautitv  of  water  mnst 
be  ara\^Ti  from  the  upper  level  to  fill  the  lock  to  a  height 
which  is  equal  to  the  aiffei'ence  of  level  between  the  surface 
of  the  water  in  the  two  ;  this  height  is  termed  the  Uft  of  the 
lock,  and  the  volume  of  water  required  to  pass  a  boat  up  or 
down  is  termed  l^e  prism  of  lift  The  calculation,  there  tore, 
for  the  quantity  of  water  requisite  for  the  service  of  the  navi- 
gation, will  be  simply  that  of  the  number  of  prisma  of  lift 
which  each  boat  will  draw  from  the  summit  level  in  passing 
up  or  down, 

785.  In  calculating  the  expenditure  for  locks  in  fljglits,  a 
new  element,  termed  uiB  prism  of  draughty  must  be  taken  into 
account.  Tliis  prism  is  tne  quantity  of  water  required  to  float 
the  boat  in  the  lock  when  the  prism  of  lift  is  drawn  ofi^ ;  and 
is  evidently  equal  in  deptli  to  tlie  water  in  the  canal,  unless  it 
should  be  deemed  advisable  to  make  it  just  sufficient  for  the 
draught  of  the  boat,  by  which  a  small  saving  of  water  might 
be  etfected. 

786.  Locks  in  flights  may  be  considered  under  two  points 
of  view,  with  regard  to  the  expenditiu'e  of  water:  the  first, 
where  both  the  prism  of  lift,  and  that  of  draught,  are  dmwn 
off  t\ir  the  passage  of  a  boat ;  or  secoud,  where  the  prisuid  of 
draught  are  always  retained  in  the  lix^ks.  The  expenditure, 
of  course,  will  he  different  for  the  two  cases. 

Great  refinements  in  the  calculation  of  such  cases  should 
not  be  made,  but  the  engineer  should  confine  himself  to  mak- 
ing an  ample  allowance  for  the  most  unfavorable  cases,  both 
as  regards  the  order  of  passage  and  the  number  of  Ixjats. 

787.  Feeders  aod  Reservoirs.  Having  ascertained,  from 
the  preceding  cousiderations,  the  probable  supply  which 
should  l>e  collected  at  the  summit  level,  the  engineer  will 
tiext  direct  his  attention  to  the  sources  from  which  it  may  be 
procured*  Theoretically  considered,  all  the  water  that  draine 
from  tlie  ground  adjacent  to  the  aammlt  leveL  and  above  it^ 
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might  be  collected  for  ita  supply  ;  but  it  ib  found  in  practice 
that  channels  for  tne  cOBTeyaDce  of  water  must  liave  certain 
BlopeB.  and  that  these  slopes,  mnreuver,  will  regulate  the  sup- 
ply fnrnislie«l  in  a  certain  time,  all  other  things  being  eqnaL 
ill  making,  however,  the  survey  (»f  the  country,  from  which 
the  water  is  to  he  supplied  to  thesuinoiit  level,  all  the  ground 
above  it  should  be  examined,  leadng  the  determination'  of  the 
slopes  for  after  considerations.  The  survey  for  tliig  object 
consists  in  making  an  accurate  delineation  of  all  the  water- 
coni'ses  a  hove  the  summit  level,  and  in  ascertaining  the  quan- 
tity of  water  which  can  be  funiislied  by  each  in  a  given  time. 
This  survey,  as  well  as  the  measurement  of  the  quantity  of 
water  furnislied  by  each  stream,  which  is  termed  the  gauging^ 
should  be  made  in  the  driest  season  of  the  year,  in  order  to  as- 
certain the  nn'nimiim  supply, 

788.  The  usual  method  of  collecting  the  water  of  the 
sources,  and  conveying  it  to  the  summit  level,  is  by  feeders 
and  reser^'oirs.  The  feeder  is  a  canal  of  a  small  cross  section, 
which  is  traced  on  the  surface  of  the  groimd  with  a  suitable 
elope,  to  convey  the  water  either  into  the  reservoir,  or  direct 
to  the  summit  level.  The  dimensions  of  the  cross  section, 
and  the  longitudinal  slope  of  the  feeder,  should  bear  certain 
relations  to  each  other,  m  order  that  it  shall  deliver  a  certain 
supply  in  a  given  time.  The  smaller  the  slope  given  to  the 
feeaer,  the  lower  will  be  the  points  at  which  it  will  intersect 
the  sources  of  supply,  and  thei-efore  the  greater  will  he  tlie 
quantity  of  water  w^hich  it  will  receive.  This  slope,  however, 
has  a  practical  limit,  which  is  laid  down  at  four  inches  in 
1,000  yards,  or  nine  thousand  base  to  one  altitude ;  and  the 
greatest  slope  should  not  exceed  that  which  wtmld  give  the 
curi-ent  a  greater  mean  velocity  tl^aii  thirteen  inches  per  sec- 
ond, in  order  that  the  bed  of  the  feeder  may  not  be  mjured. 
Feeders  are  furnished  like  ordinary  canals,  with  contrivance? 
to  let  off  a  i>an,  or  the  w^hole,  of  tfie  water  in  them,  in  cases 
of  heavy  rains,  or  for  making  repairs. 

But  a  small  proix»rtion  of  the  water  collected  by  the  feed- 
ers is  delivered  at  the  reservoir  ;  the  loss  from  various  causes 
being  much  greater  in  them  than  in  canals.  From  observa- 
tions made  on  some  of  the  feeders  of  canals  in  France,  %vhich 
have  been  in  use  for  a  long  period,  it  appears  that  the  feeder 
of  the  Briare  canal  delivei-s  only  about  one^fourth  of  the  water 
it  gatliej-s  from  its  scHirces  of  supply  ;  and  that  the  annual  lo^a 
of  the  two  feeders  of  the  Languetioc  canal  amounts  to  IOC 
times  the  quantity  of  water  which  they  can  contoJV 

T89,  A  lieservair  is  a  large  pond,  or  bod^ 
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rescjfvcj  for  the  necessarv'  supply  of  the  euramit  le^eL   A  TCi 
voir  ig  nsually  formed  W  choosing  a  suitable  »ile  ^  A  a  Aeejfl 
and  narrow  valley,  whicn  lies  alx»ve  the  enmmit  level,  and 
erecting  a  dam  of  earth,  or  of  masonry,  acroe«  tl  e  outlet  of 
the  valley  J  or  at  eojne  more  suitable  point,  to  confine  the 
water  to  be  cfiUected.    The  object  to  be  attained^  in  this  rasey  J 
is  to  embody  the  greatest  vohmie  of  water,  and  at  the  Bamel 
time  present  the  sniallest  eva[K)rating  surface,  at  the  smallest] 
cost  for  tlie  construction  of  the  dam. 

It  ia  generally  deemed  best  to  have  two  reservoirs  for  the 
supply,  one  to  contain  the  greater  quantity  of  water,  and  the 
other,  which  is  termed  the  dutrUjuting  reservoir,  to  regnlate 
the  supply  to  the  summit  level.  If,  however,  the  summit 
level  M  very  capacious,  it  may  be  used  as  tlie  distnlmting 
reservoir. 

The  proportion  between  the  quantity  of  water  that  falls 
nix)n  a  given  surface,  and  that  which  can  be  collected  from 
it  for  the  supply  of  a  reservoir,  varies  considerabl  v  with  the 
latitude,  the  season  of  the  year,  and  the  natural  features  of 
the  locality.  The  drainage  is  greatest  in  high  latitudes,  and 
in  the  winter  and  spring  seasons ;  with  respect  to  the  natural 
features,  a  wooded  surface  with  narrow  and  deep  vallej^  will 
yield  a  larger  amount  than  an  open  flat  country. 

But  few  observations  have  licen  made  on  this  point  by  en* 
gineers.  From  some  by  Mr.  J,  B.  Jervis,  in  reference  to  the 
reservoirs  for  the  Chenango  canal,  in  the  State  of  New  York, 
it  appears  that  in  that  l<icality  atout  two-tifths  of  the  quan* 
tity  of  rain  may  be  collected  for  the  supply  of  a  reservoir. 
The  proportion  usually  adfipted  by  engineers  is  one-third. 

The  loss  of  water  fn>in  the  reserv^oir  by  evaporation,  filtra-^ 
tion^  and  other  causes,  will  depend  upr>n  the  nature  of  the 
soil,  and  the  exposure  of  the  water  surface.  From  observa- 
tions made  upon  some  of  the  old  reservoirs  in  England  and 
France,  it  appears  that  the  daily  loss  averages  about  half  an 
inch  in  deptlu 

TOO*  The  dams  of  reservoirs  have  been  variously  con- 
etmcted :  in  some  cases  they  have  been  made  entirely  of 
earth  (Fig.  240) ;  in  others,  entirely  of  mascjnry ;  and  in 
othere,  of  earth  packed  in  between  several  parallel  stone 
walla.  It  is  now  thought  best  to  use  either  earth  or  maaonry 
alone,  according  to  the  circumstances  of  the  case ;  the  cx»m» 
parative  expense  of  the  two  methods  being  carefully  con* 
iidered. 

Earthen  dama  should  be  made  with  extreme  care,  of  the 
Iwit  binding  eaiih^  well  freed  from  everything  that  might 
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W\g,  S40— B«preM9ita  tho  laotiioii  of  »  dam  with  time  dLiobftivin«  ciaTvrU, 
A*  body  of  Um  danu 

8, 41,  a,  colvertit  with  vkIvm  ttt  tbeli  InleU,  wblch  dlschvgo  into  <b*  vratlcad  well  ^. 

«,€;«,  groovm,  In  the  fnoei  oC  Um  «UI»-irall^  which  tiom  thie  enlmioe  tu  the  oolTorta,  for  gba^ 

4,  Ktop-piank  dmm  uatom  lbs  ontlei  of  tlie  bottom  oolTwtt  to  dwm  bKik  thm  w»ter  tnto  til* 

Toticftl  well, 
«,  pumpet  wnU  <m  top  of  the  djun. 

cause  filtrations,  A  wide  trench  should  be  excavated  to  the 
finii  Boil,  to  receive  the  base  of  the  dam ;  and  the  earth  Bhuuld 
be  carefully  ^read  and  raoiiued  in  layers  not  over  a  foot 
thick.  Ab  a  fartlier  precaution,  it  has  in  some  instant^es  been 
thought  necessary  to  place  a  stratum  of  the  best  clay  tuid- 
dliiig  in  tlie  centre  of  the  dam,  reaching  from  the  top  to  tnree 
or  four  feet  below  the  base.  The  dam  may  be  from  fifteen 
to  twenty  feet  thick  at  top.  The  slope  of  the  dam  towards 
the  pond  should  be  from  tliree  to  six  base  to  one  perpendic- 
ular ;  the  reverse  slope  need  only  be  scimewhat  greater  than 
the  natural  slope  of  tlie  earth. 

The  slope  of  dams  exposed  to  the  water  is  usually  faced 
witli  dry  stone,  to  protect  tlie  dam  from  the  action  of  the 
surface  ripple.  This  kind  of  fa<nng  baa  not  been  found  to 
witlustand  well  the  action  of  the  water  when  agitated  by  higli 
winds,  Uix>n  some  of  the  more  recent  earthen  dams  erected 
in  France,  a  facing  of  stone  laid  in  hydraulic  mortar  has  been 
substituted  for  the  one  of  dry  stone.  The  plan  adupted  for 
this  facing  (Fig,  241)  consists  in  placing  a  series  of  low  walls, 

Flgi  m— Ttepiwcnta  tho  mettiod  of 
fadng  th«poa4  slope  of  a  dam, 
with  km  w»lUi  placed  In  ofljcto. 

<4,  body  of  the  dAin, 

0^0,0^  tow  wall*  the  f*c«  of  which 
Bxe  built  Id  ofEMtft, 

hf  ft,  top  foriaoo  at  tho  offtota  bfr- 
twoen  tho  wwm,  cotoiwI  with 
■cotM  Mlabk  laid  in  znoirlar. 

C  top  of  tlaia  £aoed  lUu  th«  oOmIi 

b, 

d,  pvmpeit  walL 
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ill  offeeta  above  each  other,  along  the  slope  of  the  daia,  oov*er- 
iug  the  exposed  surface  of  each  offset,  between  the  top  of  one 
wall  and  tae  foot  of  the  next,  with  a  coating  of  slab-stone  laid 
in  niortar.  The  walls  are  from  live  to  six  feet  hi^h.  They 
are  currieil  up  in  &iiiall  offsets  upon  the  face,  aiiti  are  made 
either  vertical,  or  leaning,  on  the  back.  The  width  of  the  off- 
Beta  of  the  dam,  between  the  top  of  one  wall  and  the  foot  of 
the  next,  is  from  twi*  to  three  feet. 

An  arched  culvert,  or  a  lar^e  cast-iron  pipe,  placed  at  some 
suitable  point  of  the  base  of  flie  dam,  which  can  be  closed  or 
opened  by  a  valve,  will  serve  for  drawing  off  the  requisite 
supply  of  water,  and  for  draining  the  reservoir  in  case  of  re- 
pairs. 

The  culvert  should  be  strongly  constructed,  and  the  earth 
around  it  be  well  puddled  and  rammed,  to  prevent  liUrations. 
Its  size  should  be  sufficient  for  a  man  to  enter  it  with  ease* 
The  valves  may  be  placed  either  at  the  entmiice  of  the  cub 
vert,  or  at  some  intermediate  point  between  the  two  ends. 
Great  care  should  be  taken  in  their  aiTangement,  to  secure 
tliem  from  accidents. 

When  the  depth  of  water  in  a  reservoir  is  considerable,  sev- 
eral culverts  should  be  constructed  (Fig.  240),  to  dj*aw  off  die 
water  at  different  levels,  as  the  pressui'e  upon  the  lower  valves 
in  tliis  case  would  !>e  very  great  when  the  reservoir  is  fulL 
They  may  be  placed  at  intervale  of  about  twelve  feet  above 
each  other,  and  be  arranged  to  discharge  their  water  in  a  com- 
mcju  vertical  shaft.  In  this  case  it  will  be  well  to  place  a  dam 
of  timber  at  the  outlet  of  tlie  bottom  culvert,  in  order  to  keep 
it  tilled  with  water,  to  pi^vent  the  injury  which  tlie  butttmi 
of  it  tnight  receive  from  the  water  discharged  frum  the  upper 
culverts. 

The  side  walls  which  I'ctain  the  earth  at  the  entrance  to  the 
culverts  Rliuuld  be  arranged  with  gmoves  to  receive  pieces 
of  scantling  laid  horizcmtaily  between  the  walls,  termeu  aUfp- 
planks,  to  form  a  tempcjrary  dam,  and  cut  off  the  water  of  the 
reservoir,  in  case  of  repairs  to  the  culverts,  or  to  the  face  of 
the  dam. 

The  valves  are  small  sliding  gates,  which  are  raised  and 
lowered  by  a  rack  and  pinion,  or  by  a  screw.  The  cross  sec- 
tion of  the  culvert  is  contracted  by  a  partition,  either  of  ma- 
sonry or  timber,  at  the  point  where  the  valve  is  placed. 

791.  Dams  of  masonry  are  water-tight  walls,  of  suitable 
forms  and  dimensions  to  prevent  filtration,  and  resist  the 
preesiire  of  water  in  the  reservoir.  The  most  suitable  croee- 
section  is  that  of  a  trapezoid,  the  face  towards  the  water  being 
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Terf  ical,  and  the  exterior  face  inclined  wit,b  a  suitable  batter 
to  give  the  wall  sufficient  stability.  The  w-all  fiiiould  be  it 
least  four  feet  ihick  at  the  water  line,  to  prevent  filtmtion, 
aii<l  thia  thickness  may  be  increased  as  circnrastanceB  may  seem 
to  require.  Buttresses  should  be  added  to  the  exterior  facing, 
to  irive  the  w^all  greater  stability. 

792.  Suitable  dispositions  should  be  made  to  relieve  the 
dam  innn  all  surplus  water  during  wet  seasons.  For  this  pur- 
pose arruiiijeTneuts  should  be  made  for  cutting  ofE  the  sources 
of  supply  From  the  reservoir  ;  and  a  cut,  termed  a  wa^ts-wei^ 
(Fig  242),  of  suitalile  width  and  depth,  should  be  made  at  some 
point  along  the  top  of  the  darn,  and  be  faced  witli  stone,  or 
wood,  to  give  an  outlet  to  the  water  over  the  dam.  In  high 
dams  the  total  fall  of  the  water  should  be  divided  into  several 
partial  falls^  by  dividing  the  exterior  surface  over  Tvbich  the 
water  runs  into  offsets.  To  break  the  shock  of  the  water  up- 
on the  horizontal  surface  of  the  offset,  it  should  be  kept  cov- 
ered with  a  sheet  of  water  retained  by  a  dam  placed  across 
its  outlet. 


/^ 


Fif.  Mi— aQpf««<mte  «  ■QoCtoo  otu  ^  ^.^  ., ._  ^ .  .„.u  _^  .^^  :-^, 

A*  txxlj  ot  Uie  dun. 

o,  top  of  iho  w»«te-w(iiir, 

6,  pixil,  f onu^Ml  by  &  atop-plftnk  Amm  ftt  e?,  to  bnsak  ttio  UXL  of  tbo  w&ter. 

d;  coveitoff  of  loo«e  tltaam  to  bnmk.  th»  fftU  of  tbo  water  from  tbje  pool  ftbov*, 

793.  In  extensive  reservoii's,  in  which  a  large  surface  is  ex* 
posed  to  the  action  of  the  winds,  waves  might  be  forced  over 
the  top  of  the  dam,  and  subject  it  to  danger ;  in  such  cases 
the  precaution  should  be  taken  of  placing  a  parapet  wall  to- 
wards the  outer  edge  of  the  too  of  the  uam,  ana  facing  the 
top  throughout  with  flat  stones  laid  in  mortar. 

794.  Lift  of  looks.  The  engineer  is  not  always  left  fi^e 
to  select  between  the  two  systems— that  of  isolated  locks  and 
locks  in  flights ;  for  the  form  of  the  natural  surface  of  the 
gix)und  may  compel  him  to  adopt  a  flight  of  locks  at  certain 
points.  As  to  the  comparative  expense  of  the  two  methods, 
a  flight  is  in  most  cases  cheaper  than  the  same  number  of 
single  locks,  as  there  are  certain  parts  of  the  masonry  w 
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can  be  siippresecd.  There  is  also  an  economy  in  the  enppreft' 
Bion  of  the  small  gates,  which  are  not  needed  in  fliglitfi.  It  ia^ 
however,  more  difficult  to  eecnre  the  foundations  of  combined 
than  of  Bingle  locks  f  mm  the  effects  of  the  water,  which  force* 
its  way  from  the  upper  to  the  lower  level  under  the  lock&l 
Where  an  aetivo  truoc  is  carried  un,  a  double  flight  is  eome* 
times  arranged  ;  one  for  the  ascending,  the  other  for  the 
desceudiiig  boat^.  In  this  case  the  water  which  filk  one  flight| 
may,  after  the  passage  of  the  boat,  be  partly  used  for  the  other, 
by  an  arrangement  of  valves  made  in  the  aide  wall  separating 
the  locks. 

The  lift  of  locks  is  a  subject  of  importance,  both  as  reg 
the  cousumption  of  water  for  the  navigation,  and  tlie  ecunomyj 
of  construction,  Ix>ckB  with  great  lim,  as  may  be  seen  froml 
the  remarks  on  the  passage  of  boats,  consume  more  water! 
than  those  w^itli  small  lifts.  They  ret^uire  also  more  care  inl 
their  coustructiou>  to  preserve  them  from  accidents,  owing 
tlie  great  pressure  of  water  a^iust  their  sides.  The  expenfio] 
of  coust ruction  is  otherwise  m  their  favor ;  that  is,  the  ex- 

Eeiige  will   increase  with   the   total    number  of  locks,  the 
eight  to  l>e  ascended  heiiig  the  same.    The  smallest  lifts  are 
Beloom  less  than  five  feet,  and  the  greatest,  for  ordinary  J 
canals,  not  over  twelve  ;  medium  lifts  of  seven  or  eiirht  feet ' 
are  considered  the  best  under  every  pudnt  of  view.     This  is  a 
pc»int^  however,  which  cannot  be  settled   arbitrarily,  as  the 
nature   of  the  foundations,  the  materials  used,  the  embank* 
menls  around  the  locks,  the  changes  in  the  direction  of  the 
canal,  cauBod   by  varying  tlie  lifts,  are  so  many  modif}ing 
causes,  which  should  be  carefully  weighed  before  adopting  aJ 
definite  yilan. 

The  lifts  of  a  flight  should  he  the  same  throughout ;  but  in 
isolated  lucks  the  lifts  may  vary  according  to  circumstancea. 
If  the  supply  of  water  from   the  summit  level  requires  to  bej 
economized  with  care,  tlie  lifts  of  locks  which  are  furnished 
from  it  may  be  less  than  those  lower  down. 

195.  Levels*     The    position  and  the  dimensions  of   the 
levels  must  be  mainly  determined  by  the  form  of  the  natural 
surface.     Thnse  points  are  naturally  chosen  to  pass  from  on« 
level  to  anotlier,  or  as  the  positions  for  tlie  locks,  where  there' 
ifi  an  abrupt  change  in  the  surface. 

A  level,  by  a  suitable  modification  of  its  cross  section,  cbm 
he  made  as  short  as  may  be  deemed  desirable  ;  tliere  being 
but  one  point  to  be  attended  to  in  this,  which  is,  tlrnt  &  boat 

Eaising  between  the  two  locks,  at  the  cuds  of  the  level,  will 
ftTC  time  to  enter  either  lock  before  it  can  ground,  on 


f  Iff.  ft4i^R«pn^n»  «  pUn  K  Knd  a  aodloa  N«  Uuvaich  the  uli  of  •  «lnKl«  lock  l»ld  on  a  b« 
too  CounilAtioa,'!,  lock-ohunber.  B>  forMttj,  0,  telUbay.  a,  a,  chambaT-WAlto.  I^,  IS 
rpconiion  or  csbjunfacri  in  the  side  'vmlli  lor  upper  gktaL  e,  c,  knr^r-gat*  chambers  1!  I  UK 
WftU  uad  appr*  «»ifM  niu.  g^  «,  lowvr  mit>«  aIU.  A,  k,  Ui]  wkIIil  o,  o,  bc«d  v^j^  rn,  m, 
,.»-^  A  ••tiiB.  M,  It,  lower  wlDK  wiJliL  Dv  t>od;|'  of  OMMmTf^xmdat  the  tata-brnj. 
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fiupiKieition  that  the  water  drawn  off  to  fill  the  lower  lock, 
wliile  the  boat  is  traversing  the  level,  will  Just  redu^se  the 
depth  to  the  di-au^ht  of  the  boat. 

•796.  Locks*  A  lock  (Fig.  243)  may  be  divided  into  three 
distinct  parts:  1st.  The  part  included  between  tJxe  two  gates, 
which  is  termed  the  chamber.  2d.  The  part  above  the  iipp^^j 
gates,  termed  i\i^forey  or  head-bat^,  3d.  The  part  below  the 
lower  gates,  termed  the  aft^  or  tail-bay. 

797.  The  lock  chamber  must  be  wide  enough  to  allow  an 
easy  ingress  and  egress  to  the  boats  commonly  used  on  the 
canal ;  a  surplus  width  of  one  foot  over  tije  widtli  of  tlie  boat 
across  the  beam  is  usually  deemed  sufficient  for  this  purpose. 
The  length  of  the  chamber  should  be  also  regulated  bj  that 
of  the  boats;  it  should  be  such,  that  when  the  boat  enters  the 
lock  from  the  lower  level,  the  tail-gates  may  bo  shut  withoat 
remiiring  the  boat  to  unship  its  rudder. 

The  plan  of  the  chamber  is  usually  rectangular,  as  this  form 
is,  in  every  respect,  superior  to  all  othei-e.  In  the  croes  section 
of  the  chamber  (Fig.  244)  the  sides  receive  generally  a  alight 
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B,  ohunber  formed  with  ui  iflvcated«ioli  boUknu 


tii 


^ 


batter;  as  when  so  arranged  they  are  found  to  give  greater  fa- 
cility  to  the  pafiBage  of  the  boat  than  when  vertical.  The  bot- 
tom of  the  chamber  ie  either  flat  or  curved ;  more  water  will 
be  required  to  till  the  flat-bottomed  chamber  tlian  the  cur\'ed, 
but  it  will  require  leas  masonry  in  its  construction. 

798.  The  chamber  is  terminated  just  within  the  head  gates 
by  a  vertical  wallj  the  plan  of  which  is  usually  curved.  Aa 
this  wall  sef^arates  the  upper  from  the  lower  level,  it  ia 
termed  tlie  lift-'waU ;  it  is  usually  of  the  same  height  aa  the 
lift  of  the  levels.  The  top  of  the  lift-wall  is  fonned  of  cut 
stone,  the  vertical  joints  of  wliich  are  normal  to  the  curved 
face  of  the  %vall ;  tiiis  top  course  projects  fiT>m  six  to  nine 
inches  above  the  bottom  of  the  upper  level,  presenting  an 
angular  point,  for  the  bottom  of  the  head*gntes,  when  shut^ 
to  rest  against.  This  is  termed  the  niitre'siU,  Various  de- 
grees of  opening  have  been  given  to  tlie  angle  between  the 
two  brancjies  or  the  mitre-sill;  it  is,  however,  generally 
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detcrmlnedj  tlmt  tho  perpendicular  of  the  isosceles  triangle, 
fornied  by  the  two  brancneSj  sliall  vary  between  cue-fifth  and 
one  sixth  of  t]ie  base. 

As  stone  mitre-silk  are  liable  to  injury  from  the  shock  of 
the  gate,  they  are  now  usually  constructed  of  timber  (Fig.  245), 


7Us-  946— BeprwMitB  m.  plan  of  a  wooden  mttrondtl, 
«ad  m  horiaonUl  nocdoii  of  a  kick-gato  (Fig.  Ml) 
doaed. 

a,  Oy  mitre-Ml)  framed  vrith  the  E>l«oet  b  azui  e,  aad 
annly  fastened  to  tfae  iSde  irmlla  A,  A. 

dl,  Aoctioti  of  qnolo  poata  of  look'gata. 
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by  framing  two  Btron^  beams  with  the  proper  angle  for  the 
gate  when  closed,  and  securing  thera  firmly  upon  the  top  of 
the  lift-walL  It  will  be  well  to  place  the  top  of  the  mitre- 
eill  on  the  lift-wall  a  little  lower  than  the  bottom  of  the 
canal,  to  preserve  it  from  being  struck  by  the  keel  of  the  boat 
on  entering  or  leaving  the  lock. 

799.  The  cross  section  of  the  chamber  wails  is  usually 
trai)czoidal  j  the  facing  receives  a  slii^ht  batter.  The  cham- 
ber walls  are  exposed  to  two  oppc^ite  efforts;  the  water  in 
the  lock  on  one  side,  and  the  embankment  against  tlae  wall 
on  the  other.  Tlie  pressure  of  the  embankment  is  the  greater 
as  well  as  the  more  permanent  effort  of  the  two.  The  di- 
mensions of  the  wall  must  he  regulated  by  this  pressure. 
The  usual  manner  of  doing  this,  is  to  make  the  wall  four  feet 
thick  at  tho  water  line  of  the  upper  level,  to  secure  it  against 
filtration ;  and  then  to  determine  the  base  of  the  batter,  so 
that  the  mass  of  masonry  shall  present  sufficient  stability  to 
counteract  the  tendency  of  the  pressure.  The  spread,  and 
other  dimensions  of  the  foundations,  will  be  regulated  accord- 
ing to  the  natui'6  of  the  soil,  in  the  same  way  as  in  other 
atnictures. 

800.  The  hottom  of  the  chamber^  as  baA  been  stated,  may 
be  either  flat  or  curved.  The  flat  bottom  is  suitable  to  very 
fij-ni  soils,  which  will  neither  yield  to  the  vertical  pressui*e  of 
tlie  clmmber  walls,  nor  admit  the  water  to  filter  from  the 
upper  level  under  the  bottom  of  the  lock.  In  eitlier  of  tho 
contrary  cases,  the  bottom  should  be  mxaie  with  tan  inverted 
arclu  as  this  form  will  oppcise  greater  resistance  to  the  up- 
ward pressure  of  the  water  under  thi  11  serve 
be  distribute  the  weight  of  the  \ 

foundation  under  the  arrb     The 
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llie  l>ottoEn  win  depend  on  tbe  width  of  the  chamber  ft&d 
Ibe  nalnre  dE  the  toiL  Were  tbe  fioil  a  solid  rock,  t>o  bottooK 
mg  would  be  requifiite ;  if  it  k  of  eoft  mud,  a  t^tt  eoljd  hot- 
(oming,  frQtn  three  to  six  feet  in  thidkneae,  xaight  be  re- 
qai^ite. 

801.  The  principal  danger  to  the  foundadans  araea  from 
the  water  which  may  filter  from  the  upper  to  tha  low^er  lerel, 
under  t!  n  o/ the  lock.  One  preventive  for  this,  but 
not  an  ( i  <  »ne,  is  to  drive  sheeting  piles  across  the  canal 
at  the  end  ot  the  he^-bay ;  another,  wmeh  is  more  expenaive, 
but  mare  certain  in  iu  effects,  consists  in  forming  a  deep 
trench  of  two  or  three  feet  in  width,  rust  under  the  Eead-bar, 
and  filling  it  with  heton,  which  unites  at  the  top  with  tbe 
nmBonry  of  the  head-baj.  Similar  trenehee  might  be  placed 
under  t^ie  chamber  were  it  considered  necessary.  ^ 

802,  The  lift-^caU  ubuuUv  receives  the  same  thickneeB 
the  cliarnber  walla ;  but,  unless  the  soO  is  very  firm,  it 
be  more  prudent  to  form  a  general  mass  of  masonry  udi 
the  entire  head-bay,  to  a  level  with  the  base  of  the  oham 
foundaticm&»  of  which  mass  the  lift-wall  diould  form  a 

80aL  The  heud'hay  is  enclosed  between  two  pai-allel 
which  form  a  part  of  the  side  walls  of  tlie  lock*  Thev  am 
terminated  by  two  wing  walls,  which  it  mil  be  foand  "mtist 
economical  to  nm  back  at  right  angles  with  the  side  walls. 
A  recessj  termed  the  gatt^harnher^  is  made  in  the  w^all  of  the 
head-bay ;  the  depth  of  this  recess  should  be  sufficleTit  to 
allow  the  gate,  when  open,  to  fall  two  or  three  inches  within 
the  facing  of  the  wall,  so  that  it  may  be  out  of  the  way  when 
a  boat  is  passing ;  the  length  of  the  recess  should  be  a  few 
inches  more  than  the  width  of  the  gate.  That  part  of  the 
recess  where  the  gate  tarns  on  its  pivot  is  termed  the  hallaw 
quidn  ;  it  I'cceives  what  is  termed  the  heel^  or  quoin^^owt  of 
the  gate,  winch  is  made  of  a  suitable  form  to  fit  the  nollow 
qnoin.  The  distance  between  the  hollow  quoins  and  the  face 
of  the  lift-wall  will  depend  on  the  pressure  against  the  mitre- 
sill,  and  the  strength  of  the  stone,  eighteen  inchesi  will  gener- 
al! v  be  found  amply  sufficient, 

the  side  walls  need  not  extend  more  than  twelve  inches 
beyond  tlie  other  end  of  the  gate^chamber.  The  wing  walls 
may  be  extended  back  to  the  total  width  of  the  canal,  but  it 
will  be  moi-e  economical  to  narrow  the  canal  near  the  lock, 
and  to  extend  the  wing  walls  only  al)out  two  feet  into  this 
banks,  or  sitles.  The  dimensions  of  the  side  and  wing  wal 
of  the  head-bay  are  regulated  in  tlie  sane  way  as  the 
ber  walls* 
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Th©  bottom  of  the  head-bay  is  flat,  and  on  the  same  level 
Witli  the  bottom  of  the  canal  ;  the  exterior  c#urse  of  stonea 
at  the  entrance  to  the  lock  shonld  be  so  jointed  as  not  to 
work  Imise. 

804.  The  gate-chumhers  for  the  lower  sates  are  made 
ill  tJie  chamber  walls ;  and  it  is  to  be  observed^  that  the  bot- 
tom of  the  cliamherj  where  the  gates  swing  back,  should  be 
flat,  or  be  otherwise  arranged  not  to  impede  the  play  of  the 
gates. 

805,  The  side  waUs  of  the  taii-bay  are  also  a  part  of 
the  general  side  walls,  and  their  thickness  is  regulated  as  in 
the  preceding  cases.  Their  lengtli  will  depend  chiefly  on 
tlie  pressure  which  the  lower  gates  throw  against  thern  when 
tlie  lock  is  full;  and  partly  on  the  space  required  by  the 
Kjck-men  in  opening  and  shutting  gates  manoeuvred  by  the 
balance  beam.  A  calculation  must  be  made  for  each  par- 
ticular case,  to  ascertain  the  most  suitable  length.  The  side 
walls  are  also  terminated  by  wing  walla,  similarly  arranged 
to  those  of  the  head-bay.  The  points  of  junction  between 
the  wing  and  side  walls  should,  in  both  cases,  either  be 
curved,  or  the  stones  at  the  angles  be  rounded  off.  One  or 
two  perpendicular  grooves  are  sometimes  made  in  the  side 
walls  o£^  the  tail-bay,  to  receive  stop-planks,  when  a  tempo- 
rary dam  ift  needed,  to  shut  off  the  water  of  the  lower  level 
from  the  chamber,  in  case  of  repairs,  etc.  Similar  arrange- 
ments might  be  made  at  the  head-bay^  but  they  are  not  inais* 
pensable  in  either  case. 

The  strain  on  the  walls  at  the  hollow  quoins  is  greater 
than  at  any  other  j;>oint8,  owing  to  the  pressure  at  those 
points  from  the  gates,  when  they  are  shut,  and  to  tlie  action 
of  the  gates  wJieu  in  motion ;  to  counteract  this,  and 
strengthen  the  walls,  buttresses  should  be  placed  at  the  back 
of  tlie  walls  in  the  most  favorable  position  behind  the  quoina 
to  subserve  the  object  in  view. 

The  bottom  of  the  tail-bay  is  arranged,  in  all  respects,  like 
that  of  the  head-bay. 

808.  The  tap  of  tJie  Bide  walls  of  the  lock  may  be  from 
one  to  two  feet  above  the  general  level  of  the  water  in  the 
npper  reach ;  the  top  course  of  the  masonry  being  i>f  heavy 
large  blocks  of  cut  stone,  although  this  kind  of  cophig  is  not 
indispensable,  as  smaller  masses  have  been  found  to  suit  the 
same  purixjse,  but  they  are  less  durable.  As  to  the  masonry 
of  the  lock  in  general,  it  is  only  necessary  to  observe  that 
those  parts  alone  need  be  of  cut  stone  where  there  is  great 
wear  and  tear  from  any  cause,  aa  at  the  angles  generally ;  oi 
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where  an  accurate  finish  is  indispensable,  at*  at  tue  noi 
quoins.     The  other  parts  may  be  of  brick,  nibble,  be  ton  ^  etc^ 
but  every  part  Rhoiild  be  laid  in  tlie  l»est  hydraulic  niortar. 

807.  'fhe  JilUng  and  tymptyiu^  t/u  hck  chatriher  have 
piven  rise  \o  various  discussions  and  experiments,  all  of  whioh 
have  been  reduced  to  the  comparative  advantages  of  letting 
the  water  in  and  off  by  valves  made  in  the  gates  theiriselvos, 
or  by  culverts  in  the  side  walls,  wliich  are  opened  and  shnt 
by  valves.  When  the  water  is  let  in  througli  valves  in  the 
gates,  its  effects  on  the  sides  and  bottoiu  of  the  chanilM^r  are 
lomid  to  be  very  injurious,  particulai*ly  in  high  lift-walls; 
besides  the  inconvenience  resulting  from  the  agitation  of  the 
boat  in  the  lock.  To  obviate  this,  in  some  degree,  it  has  been 
proposed  to  give  the  lift-wall  the  form  of  an  iricUned  o*ir%-ed 
surface,  along  which  the  water  might  descend  without  pro- 
ducing a  shock  on  the  bottom. 

808.  The  »ids  eulmrta  are  small  arched   conduits,    of   a 
circular  or  an  elliptical  cross  section,  which  are  made  in  tlie 
mass  of  niasonrv  of  the  side  walls,  to  convey  the  water  from 
the  upper  level  to  the  chamber.     These  culverts,  in    eoine 
cases,  run  the  entire  length  of  the  side  walla,  on  a  level  with 
the  bottom  of  the  chamber,  from  the  Hft-wall  to  the  end  of 
the  tail-wall,  and  have  several  outlets  leading  to  the  chfiml>©r. 
They  are  arranged  with  two  valves,  one  to  close  the  niouti 
of  the  culvert,  at  the  upper  level,  the  other  to  close  the  out 
let  from  the  chamber,  to  the  lower  level*     This  is,  perhaps 
one  of  the  best  arrangements  for  side  culverts.     They  all 
present  the  same  difficulty  in  making  repairs  when  out  of 
order,  and   they   are   moreover   very  subject   to  accidenta. 
They  are  therefore  on  these  accounts  inferior  to  valvea  iu  the 
gates. 

809.  It  has  also  been  proposed,  to  avoid  the  fnconvenienc 
of  culverts,  and  the  disadvantages  of  lift-walls,  by  snppr 
ing  the  latter,  and  gradually  increasing  the  depth  or   th6fl 
upper  level  to  the  bottom  of  the  chamber.     Tliis   methodf 
presents  a  saving  in  the  mass  of  masonry,  but  the  gates  wil 
cost  more,  as  the  head  and  tail  gates  must  be  of  the  same 
height.     It  would  entirely  remove  the  ribjection  t-o  valves  in 
the  gates,  as  the  cun^ent  tliroiigh  them,  in  this  case,  would 
not  be  sulMciently  strong  to  injure  the  masonry. 

810.  The  hottom  of  the  canal  below  the  lock  should  be  pro- 
tected by  what  \^  termed  an  (iprorij  which  is  a  covering  ol 
plank  laid  on  a  grillage,  or  else  one  of  bnishwood  and  dry 
stone.    The  sides  shoidd  also  be  faced  with  timber  or  dry  stoii^l 
The  length  of  this  facing  will  depend  on  the  strength  of 
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cnrreiit ;  generallr  not  more  than  from  fifteen  to  thirty  feet 
from  the  lock  will  require  it.  The  entrance  to  the  head-hay 
ie,  in  Bonie  ca^es,  Biniilarly  protected,  but  this  ie  unnecessary, 
as  the  current  has  hut  a  very  slight  effect  at  that  point. 

811,  Locks  constnieted  of  timber  and  dry  stone,  termed 
compoaite-locJiS^M'e  to  be  met  with  on  several  of  the  canals  ot 
the  United  States,  The  Bide  walls  are  formed  of  dry  stone 
carefully  laid ;  the  sides  of  the  chamber  being  faced  with 

f^lank  nailed  to  horizontal  and  upright  timhei^,  which  are  finn- 
V  secured  to  the  djy  stone  walls.  The  walls  rest  upon  a  plat- 
form ]aid  upon  heavy  beams  placed  tran&vei'sely  to  the  axis 
of  the  lock.  The  bottom  of  trie  chamber  usually  receives  a 
double  thickness  of  plank.  The  quoin-posts  an^  mitre-silk 
are  fonned  of  heavy  beams. 

812.  Iiock  Gates.    A  lock  gate  (Fig,  246)  is  composed  of 
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two  leaves,  each  leaf  consisting  of  a  solid  framework  covered 
on  the  side  towards  the  water  wnth  thick  plank  made  water- 
tight. The  frame  usually  consists  of  two  uprights,  of  several 
horizoBtal  cross  pieces  let  into  tlie  uprights,  and  sometimes  a 
diagonal  piece  or  brace,  intended  to  keep  the  frame  of  an  in* 
variable  rorm,  is  added.  The  upright,  around  which  the  leaf 
tui*ns,  termed  the  quoin  or  heel-post^  is  roimded  off  on  the  back 
\o  iit  in  the  hollow  quoin ;  it  is  made  slightly  eccentric  with  it, 
so  that  it  may  tui-n  easily  without  robbing  ngainst  the  quoin  \ 
its  lower  end  resta  on  an  iron  gudgeon^  to  which  it  is  fitted  by 
a  corresponding  indentation  in  an  iron  socket  on  the  end ;  the 
upper  extremity  is  secured  to  the  side  walls  by  an  ir<^»n  cfMm\ 
witliin  which  tlhe  post  tnnis.  The  collar  is  so  arranged  that 
it  can  be  easily  fastened  to,  or  loosened  frc  bars, 
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termed  anchor-irons^  which  are  firmly  attached  by  bolts,  or  « 
lead  sealing,  to  the  top  course  of  the  wallt^*  One  or  the  anchor- 
irotifl  19  placed  in  a  line  with  the  leaf  when  ehut,  tJie  other  in 
a  line  with  it  when  open,  to  resist  most  effectually  the  strain 
iji  tbui^e  two  poeitiuns  of  llie  ^ate.  Tlie  opposite  upright^ 
termed  the  mitre-post^  has  one  edo^e  bevelled  off  to  fit  agamst 
the  rnitre-p>st  oi  the  other  leaf  of  the  gate. 

813,  A  long  heavy  beam,  termed  ^koa/ujice-beam^  from  its 
partially  balancing  the  weight  of  the  leaf,  rests  on  the  quoin- 
post,  to  which  it  ie  scciirecl,  and  is  mortised  with  the  mitre- 
post  The  balanco-bcam  should  be  abijut  four  feet  above  tlie 
top  of  the  lock,  to  be  readily  manceuvred;  its  principal  use- 
being  to  open  and  shut  the  leaf. 

814,  Tlie  top  cross  niece  of  the  gate  should  be  about  on  a 
level  with  the  top  of  the  lock ;  the  bottom  cross  piece  should 
fiwing  clear  of  the  bottom  of  the  lock.  The  p(>sition  of  the 
intermediate  cross  pieces  may  be  made  to  depend  on  their 
dimensions ;  if  they  are  of  the  same  dimensions,  they  should 
be  placed  nearer  together  at  the  bottom,  as  the  pressure  of  the 
water  is  there  greatest ;  but,  by  making  them  of  unequal  di- 
mensions, they  may  be  placed  at  equal  distanced  apart;  thia, 
however,  is  not  of  much  importance  except  for  large  gatee^ 
and  considerable  depths  of  water. 

The  plank  may  be  arranged  either  parallel  to  the  uprlghta, 
or  parallel  to  the  diagonal  brace  ;  in  the  latter  pf^sition  they 
will  act  with  the  brace  to  preserve  the  form  of  the  frame, 

815,  A  wide  board,  supported  on  brackets,  is  often  affixed 
to  the  gates,  both  for  the  mauceuvre  of  the  machinery  of  the 
valves,  and  to  serve  as  a  foot-bridge  across  the  lock.  The 
valves  are  small  gates  which  are  arranged  to  close  the  open- 
ings made  in  the  gates  for  letting  in  or  drawing  off  the  water. 
They  are  arranged  to  slide  up  and  down  in  gr< wives,  by  the 
aid  of  a  rack  and  pinion,  or  a  square  screw ;  or  they  may  be 
made  to  open  (*r  shut  by  turning  on  a  vertical  axis,  in  which 
case  they  are  termed  piddh  gatm*  The  openings  in  the  up- 
per gates  are  made  between  the  two  lowest  cross  pieces.  In 
the  lower  gates  the  openings  are  placed  jnst  below  the  surface 
of  the  water  in  the  reach.  The  sisse  of  the  oi^ening  will 
depend  on  the  time  in  which  it  is  required  to  fill  the  lock, 

816,  Accessory  Works.  Under  this  iiefid  are  classed  those 
constructions  whicli  are  not  a  part  of  the  canal  proper,  although 
generally  found  necessary  on  all  canals:  as  the  en  I  verts  for 
conveying  off  the  water-eourses  which  intersect  the  line  of  the 
canal ;  the  inlets  of  feeders  for  the  supply  of  water ;  aqueduct 
bridgeft|  etc.|  etc 
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817,  Culverts.  The  disposition  to  be  made  of  water-counsea 
intersecting  the  line  of  the  canal  will  depend  on  their  size, 
t!ie  character  of  their  current,  and  the  relative  positioiiB  of 
the  craual  and  stream. 

Small  brcx>k8  which  lie  lower  than  the  canal  may  be  con- 
veyed ander  it  through  an  ordinary  culvert.  If  the  level  of 
the  canal  and  bro^^k  is  nearly  the  isarae,  jt  will  then  be  neces- 
sary to  make  the  culvert  in  the  ehav)e  of  an  inverted  eyphon, 
an^  it  18  therefore  termed  a  broken-back  culvert.  If  the 
water  of  the  brook  is  generally  limpid,  and  its  current  gentle, 
it  may,  in  the  last  case,  be  received  into  the  canal.  The 
conmumieation  of  the  brook,  or  feeder,  with  the  eaual,  should 
be  so  arranged  that  the  water  may  be  shot  off,  or  let  in  at 
pleasure,  iu  any  quantity  desired.  For  this  purpose  a  cut  is 
made  tln-ough  the  side  of  the  canal,  and  the  sides  and  bottom 
of  the  cut  are  faced  with  masonry  laid  in  hydmulic  mortar. 
A  sliding  gate,  fitted  into  two  grooves  made  in  the  side  walls, 
18  manGBUvred  by  a  rack  and  pinion,  so  as  to  regulate  the 
quantity  of  water  to  be  let  in.  The  water  of  the  feeder,  or 
brook,  should  flrat  be  received  in  a  basin,  or  reservoir,  near 
the  canal,  where  it  may  deposit  its  sediment  before  it  is  drawn 
ofif.  In  cases  where  the  line  of  the  canal  is  crossed  by  a  tor- 
rent, which  brings  down  a  large  quantity  of  sand,  pebbles, 
etc.,  it  may  he  necessary  to  make  a  pennaueut  structure  over 
the  canal/forming  a  channel  for  the  torrent ;  but  if  tlie  dis- 
charge of  the  torrent  is  only  periodical,  a  movable  channel 
may  be  arranged,  for  the  same  purpose,  by  constructing  a 
boat  with  a  deck  and  sides  to  form  the  water-way  of  the  tor- 
rent. The  boat  is  kept  in  a  recess  in  the  canal  near  the  point 
where  it  is  used,  and  is  floated  to  its  position,  and  sunk  when 
wanted. 

818,  Aqueduots,  etc.  When  the  line  of  the  canal  is  inter- 
sected by  a  wide  water-coui-se,  the  communication  between 
the  two  shores  must  be  effected  either  by  a  canal  aqueduct 
bridge,  or  by  the  boats  descending  from  the  canal  into  the 
stream.  As  the  construction  of  aquedtict  bridges  has  already 
been  considered,  nothing  farther  on  this  point  need  here  be 
added.  The  expedient  of  crossing  the  stream  by  the  boats 
may  be  attended  with  many  grave  inconveniences  in  water- 
courses liable  to  fi-eshets,  or  to  considerable  variations  of  level 
at  different  seasons.  In  these  cases  locks  must  be  so  arranged 
on  each  side,  where  the  canal  enters  the  stream,  that  biiata 
may  pass  from  the  one  to  the  other  under  all  circumstances 
of  difference  of  level  between  the  two.  The  locks  and  the 
portions  of  the  canal  which  ioin  the  stream  must  be  secured 


CIVIL  BHOmEERTXO- 


aeainst  damage  from  freshets  bj  Buitalde  eTnlmiifementp;  ftnrt 
Wlion  tJie  summer  water  of  tlie  stream  is  so  low  tliat  tbe 
iiavif^atioTi  would  be  impeded,  a  dam  acn»^8  the  stream  will 
be  requisite  to  secure  au  adequate  depth  of  water  during  ibii 
epoch. 

819,  Canal-Bridges,  Brides  for  roads  over  a  cAnal,  termed 
mnal4^rulgif8^  are  eoii»tructea  like  otlier  structures  of  the 
same  kind.  lo  planning  them  the  engineer  should  endeavo* 
to  give  sufficient  height  to  the  bridge  to  prevent  those  acci- 
dents, of  but  too  frequent  occurrence,  from  persons  standing 
upriglit  on  the  deck  of  the  passage-boat  wlule  passing  under 
a  oridge, 

A  novel  dcTice,  which,  on  account  of  its  diminutive  size,  ia 
hardly  worthy  of  the  name  of  a  bridge,  is  used  for  crossing 
the  ennal  at  IrVilliamspnrt,  Pennsylvania,  It  is  really  a  small 
pivot  bridge,  so  constructed  Uiat  a  boat  may  push  it  open  either 
way  aB  desired  as  it  passes  through,  and  which  will  close  itself 
after  the  boat  has  naesed.  As  it  opens  it  moves  up  an  in* 
clined  plane,  so  that  its  weight  will  aid  in  closing  it.  A 
weight,  which  is  attached  to  a  rope  at  one  end,  the  rope 
pafibing  over  a  pulley  and  attached  tt>  the  bridge  at  the  other, 
18  also  employed  in  closing  it» 

820.  Waste-Weir,  Waste-weirs  must  bo  niade  along  the 
levels  to  let  off  the  surplus  water.  The  best  position  for  them 
is  at  points  where  they  can  discharge  into  natural  water 
couj"se!?.  The  be«t  arrangement  for  a  waste-weir  is  to  makf  * 
a  cut  tlirough  the  side  of  the  canal  to  a  level  with  the  bottOHi 
of  it,  so  that,  in  case  of  necessity^  the  waste- weir  may  also 
ser^'e  for  draining  the  level.  The  sides  and  bottom  of  the  cut 
must  be  faced  with  masonry,  and  have  grooves  left  in  them 
to  receive  stop-plank,  or  a  sliding  gate,  over  which  the  §ur- 

Elus  water  is  allowed  to  flow,  under  the  usual  circumstances, 
ut  which  can  be  i-einoved,  if  it  be  found  necessary,  either 
to  let  off  a  larger  amount  of  water,  or  to  drain  tSie  level 
completely. 

821.  Temporary  Dams.  In  long  levels  an  accident  hap* 
peniug  at  any  one  point  might  cause  serious  injury  to  the 
navigation,  besides  a  great  loss  of  water.  To  prevent  this,  in 
some  measure,  the  width  of  the  catml  may  be  diminished,  at 
several  points  of  a  long  level,  to  the  width  of  a  l<X"k,  and  thu 
sides,  at  these  points,  may  be  faced  with  masonry,  arranged 
with  j^rooves  and  stop-planks,  to  form  a  temporary  dam  for 
shutting  off  the  water  on  either  side. 

822,  Tide,  or  Guard  Iiock,  The  point  at  which  a  canal 
enters  a  river  ret^nbes  to  be  selected  with  judgment     Qeii* 
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erally  epeakmg.  a  bar  will  be  found  in  the  principal  ivater- 
coui-ge  at  or  below  the  points  where  it  recieivea  its  affluents. 
When  the  eaiial,  therefore,  follows  the  valley  of  an  affluent, 
its  outlet  should  be  [)laced  below  the  bar,  to  render  its  navi- 
gation perrnanentlj  secure  from  obstruction.  A  large  basin 
IS  usually  formed  at  the  outlet,  for  the  convenience  of  com- 
merce; and  the  entrance  from  this  basin  to  the  canal,  or  from 
the  river  to  the  basin,  is  effected  by  means  of  a  lock  with 
d.onljle  gates,  so  arranged  that  a  boat  can  be  passed  either 
way,  accordinoj  as  the  level  in  the  one  is  higher  or  lower  than 
that  in  tlie  otter.  A  lock  so  arranged  is  termed  a  tide  or 
guard  locl\  from  its  uses.  The  position  of  the  tail  of  thi? 
lock  is  not  indifferent  in  all  cases  where  it  forms  the  outlet  to 
the  river;  for,  were  the  tail  placed  up  stream,  it  would  br 
more  difficult  to  pass  in  or  out  than  if  it  were  dtjwn  stream, 

823.  The  geueml  dimensions  of  canals  and  their  locks  in 
this  country  and  in  Europe,  with  occasional  exceptions,  do  not 
differ  in  any  considerable  degree. 

EngUfih  Canals.  Two  classefl  of  canals  are  to  be  met 
with  in  England,  differing  materially  in  their  dimensions. 
The  following  are  the  usual  dimensions  of  the  cross  section 
of  the  largest  size,  and  those  of  their  locks:  — 

Width  of  section  at  the  water  level,  from  36  to  40  feet. 

Widtli  at  bottom 24    ** 

Depth 5    « 

Length  of  lock  between  mitre-sills 75  to  80    *' 

Width  of  chamber 15     ** 

The  Caledonian  canal,  in  Scotland,  which  connects  Loch 
Eil  on  the  Western  sea  with  Murray  Firth  on  the  Eastern,  is 
remarkable  for  it&  size,  which  will  admit  of  the  parage  of 
frigates  of  the  second  class.  The  following  are  the  principal 
dimensions  of  the  cross  section  of  the  canal  and  its  locks  :^ 

Width  of  canal  at  the  water  level 110  feet. 

Widtli  at  bottom 60    « 

Depth  of  water * 20    " 

Width  of  berra .^ 6     « 

Length  of  lock  between  mitre-sills. 180    ** 

Witfth  of  chamber  at  top.. , , 40     " 

Lift  of  lock. 8    ^ 

The  side  walla  of  the  locks  are  built  w^ith  a  curved  batter, 
they  are  of  the  uniform  thickness  of  6  feet,  and  are  strength- 
ened by  counterforts,  placed  abont  15  feet  apart,  which  are 
4  feet  wide  and  of  the  same  thickness.  The  bottom  of  the 
chamber  is  formed  with  an  inverted  arch. 


492 


dVIL  ENGINKEROra. 


French  Canals.  In  France  the  following  uniform  Bj^Bten 
has  been  estabHahed  for  the  dimeiiaioiia  of  canak  and  theij 
lockg : — 

Width  of  canal  at  water  level  ..,.-• 52  feet. 

Width  at  bottom 38  to  36    " 

Depth  of  water 6    " 

Len-^th  of  kx?k  between  mitre-Bills 115    '* 

Widthoflock 17    " 

The  boats  adapted  to  these  dimenBions  are  from  105  to  108 
feet  long,  1^4  feet  acroes  the  beam,  and  have  )a  draught  uf  4 
feet 

Width  of  canal  at  top,.  .•*,..«.«« 60  feet. 

Widrh  at  bottom, . , 30     '* 

Depth  of  water .  • ♦  ♦ 6     ** 

Length  of  locke.. ..100     « 

Widthoflocks 15    " 

The  Rideaii  canal,  which  connects  Lake  Ontario  with  the 
River  Ottawa,  is  arranifcd  for  steam  na^ngation,  A  consider- 
able  portion  of  this  line  consists  of  slack-water  navigation^ 
formed  by  connecting  the  natural  water-courses  between  the 
outlets  o^  the  canal.  Tlie  length  of  the  lix'iks  on  this  canal  ie 
134  feet  between  the  mitre-ailla,  and  their  width  33  feet. 

T)ie  Welland  canal,  between  lakes  Erie  and  Ontario,  as  ori- 
ginally constructed ,  received  the  following  dimensions: — 

Wifltli  of  canal  at  top 56  feet 

Width  at  bottom 24    " 

Depth  of  water S    " 

Length  of  locks  between  mitre-sills 110    '* 

Width  of  locks 22    « 

Tlio  canals  and  locks  made  to  avoid  the  dangerous  rapide 
of  iJie  St.  Lawrence  are  in  all  respects  among  the  largest  in 
the  world.  The  following  are  tne  dimensions  of  tlie  por- 
tion of  the  canal  and  the  locks  between  Long  Sault  and  Corn- 
wall : — 

Width  of  canal  at  top , 132  feet 

Width  at  bottom, 100    ** 

Depth  of  water. 8    " 

Width  of  tow  path.. 18    ** 

Leni^th  of  Io*.'K8  between  mitre-sills •  200    " 

Width  of  locks  at  top 50.6  " 

Width  of  locks  at  bottom 43    ** 

A  bertn  of  5  feet  is  left  on  each  side  between  the  watef^ 
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way  and  the  foot  of  the  interior  slope  of  the  tow-path*    The 
height  of  the  tow  path  is  6  feet  above  the  berm-     By  iiici'eas- 
ing  tlie  depth  of  water  hi  the  c^aiml  to  10  feet,  tlie  water-line 
at  top  can  be  increased  to  150  feet. 
The  diinensionB  of  the  Erie  canal  as  enlarged  are : — 

Width  of  canal  at  top,  with  bench  walls.,. .   81  feet. 
Widtli  of  canal  at  top,  without  bench  walls.  75     ^* 

Width  of  canal  at  water  surface. 70     " 

Width  of  canal  at  bottom,  with  bench  walls,  42    " 
Width  of  canal  at  bottom,  without  bench 

walls m  " 

Depth  of  water. 7    ** 

Width  of  tow-path, 14    « 

Width  of  locks  at  top. 18     "  10  in. 

Width  of  hxiks  at  bottom ,..•...-•.   17    **  4i  in. 

Length  of  lock  (between  mitre-fiills) 110    *' 

824.  X*ocomotian  on  Canals.  In  early  times  boats  were 
drawn  or  pnslied  along  by  servants  or  slaves.  Li  civilized 
countries  horses  and  mules  have  been  chiefly  used.  A  few 
years  since  several  attempts  were  made  to  use  steam  power, 
oy  driving  the  boat  like  a  propeller,  and  although  it  would 
do  tlie  work,  yet  it  was  mostly  abandoned  after  a  tew  months. 
The  wheel  created  such  a  disturbance  in  the  water  as  caused 
it  to  wash  the  banks  and  thus  damage  them. 

A  system,  known  as  the  Bebjian  synteniy  has  been  quito 
extensively  used  in  some  of  the  European  countries.  It  con- 
sists of  a  cable  which  passes  from  one  end  of  the  canal  to  the 
other,  and  is  sunk  in  it.  It  is  wound  around  a  wheel  which 
is  at  one  ,end  of  the  b*>at  Steam  power  is  applied  to  turn 
tlie  wheel,  and,  as  the  friction  of  the  rope  on  the  wheel  pre- 
vents it  from  slipping,  it  will  take  up  the  cable  on  one  side  of 
the  wheel  and  let  it  out  on  the  other,  and  thus  di-aw  the  boat 
alon^»  One  of  the  objections  to  this  plan  is,  it  requires  a 
large  amount  of  slack  cable  to  accommodate  a  large  traffic, 
atid  every  boat  must  draw  in  all  the  slack  every  time  it  passes 
over  the  canai 

During  the  winter  of  1870-71  the  Legislature  of  the  State 
of  New  York  ofEered  a  prize  of  $100,000  to  the  party  who 
would  make  an  acceptable  mode  of  applying  steam  for  pro- 
pelling canal  boats  on  the  canals,  and  no  plan  was  to  be  con- 
sidered which  involved  the  Belgian  system.  The  engineer  in 
charge  of  this  project  states  that  in  round  numbers  a  thoutard 

Elana,  coming  from  all  parts  of  the  world,  have  been  presented; 
ut  up  to  the  present  time  the  prize  haa  not  been  awarded. 
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825.  Niztural  features  of  IHvers.    All  rivers  pi^esout  the 

Bame  natural  features  and  pbenomeDa,  wliicli  are  more  or  leal 
Bfrougly  marked  and  di%^tirsified  by  the  charatjter  of  the  r©- 

fjion  til  rough  wliich  they  flow.  Taking  their  rise  in  the  high- 
ands,  and  gradually  descending  theuco  to  s^>me  lake,  or  sea, 
their  beds  are  inuditied  by  the  nature  of  the  soil  of  the  val- 
leys iu  which  they  lie,  and  the  velocities  of  their  eurrents  are 
affected  liy  tlie  same  cause.  Near  their  s^nirces,  their  beds 
are  usually  nxiky,  irreirular,  narrow,  and  steep,  and  then 
currents  are  rapia,  Appnjachiiig  their  outlets,  the  beds  be- 
come wider  and  more  regular,  the  declivity  less,  and  the  cur- 
rent more  gentle  and  uniform.  In  the  upper  portions  of  the 
beds,  their  direction  is  more  direct,  and  tlie  obstructions  met 
with  are  usually  of  a  permanent  character,  arising  from  the 
inequalities  of  the  bottom.  In  the  lower  iK>rt ions,  the  beds 
assume  a  more  tortuous  course,  winding  througli  their  val- 
leys, and  forming  tliose  abrupt  bends,  termed  elb(nm^  which 
eeezu  suljject  to  no  fixed  laws;  and  here  are  found  those  ob- 
structions, of  a  more  changeable  character,  termed  bars^ 
which  are  caused  by  deposites  in  the  bed,  arising  from  the 
wear  of  the  banks  by  the  current, 

826.  The  relations  which  are  found  to  exist  between  the 
eross  section  of  a  river,  its  longitudiual  slope,  the  nature  of 
Its  bed,  and  its  volume  of  water,  are  ternied  the  regim^en  of 
the  river.  When  these  relations  remain  permanently  invari- 
able, or  change  insensibly  with  time,  the  river  is  said  to  have 
H  Jixed  r  eg  mien. 

Most  rivers  acquire  in  time  a  fixed  regimen,  although  peri* 
udically,  and  sometimes  accidentally,  subject  to  changes  rrom 
Ireshets  caused  by  the  melting  of  snow,  and  heavy  falls  of 
rain.  Tliesi*  variations  in  the  volume  of  water  thrown  into 
the  Ijed  cause  corres[Kinding  ehaiiges  iu  the  velocity  of  the 
current,  and  in  tlie  form  and  dimensions  of  the  bed.  These 
chitnges  will  depend  on  the  character  of  the  soil,  and  the 
wiotti  of  the  valley.  In  narrow  valleys,  where  the  banks  do 
Hot  leaJily  yield  to  the  action  of  the  current,  tlie  effects  ol 
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any  variation  of  velocity  will  only  be  temporarily  to  deepen 
the  bed.  In  wide  valleys,  where  tlie  aoil  of  the  banks  is 
more  easily  worn  by  the  current  than  the  bottom,  any  in- 
crease  iu  the  volume  of  water  will  widen  die  bed  j  and  if 
one  bank  yields,  more  than  the  other,  an  elbow  will  bo 
formed,  and  the  position  of  the  bed  will  be  gradually  shifted 
towards  the  concave  side  of  the  elbow. 

827.  The  formation  of  elbows  occasions  also  variations  in 
tlie  deptlt  and  velocity  of  the  water.  The  greatest  depth  is 
found  at  tlie  concave  side*  At  the  straight  pK>rtion8  which 
connect  two  elbows,  the  depth  is  found  to  decrease,  and  the 
vek»city  of  the  current  to  increase.  The  bc*ttom  i)f  the  bed 
thus  presents  a  series  of  undulations^  forming  shallows  and 
deep  pot^ls,  with  rapid  and  gentle  currents. 

828.  Bai-8  are  formed  at  those  poiiits,  where  fmm  any 
cause  the  velocity  of  the  current  receives  a  sudden  check* 
The  particles  suspended  in  the  wat^r,  or  borne  along  over  the 
bottom  of  the  bed  by  the  current,  are  deposited  at  these 
points,  and  continue  to  accumnlate,  nntil,  by  the  gmdual  fil- 
ling of  the  bed,  the  water  acquires  sufficient  velocity  to  bear 
farther  on  the  particles  that  reach  the  bar,  when  the  river  at 
this  point  acquires  and  i-etains  a  fixed  regimen,  until  dis- 
turbed by  some  new  cause. 

829.  The  points  at  which  these  changes  of  velocity  uanally 
take  place,  and  near  %vbich  bars  are  round,  are  at  the  junc- 
tion of  a  river  with  its  affluents,  at  those  points  where  the 
bed  of  the  river  receives  a  considerable  increase  in  width,  at 
the  sti-aight  portions  of  the  bed  between  elbows,  and  at  the 
outlet  oi  the  river  to  the  sea.  The  character  of  the  bara  will 
depend  upon  that  of  the  soil  of  the  banks,  and  the  velocity 
of  the  current     Generally  speaking,  the  bars  in  the  upper 

1>ortions  of  the  bed  will  be  composed  of  particles  which  are 
arger  than  those  by  which  they  are  formed  lower  down. 
These  accnraulations  at  the  months  of  large  rivei^a  form  in 
time  extensive  shallows^  and  great  obstructions  to  the  dis- 
charge of  the  water  during  the  seasons  of  freshets.  The 
river  then,  not  finding  a  sufficient  outlet  by  the  ordhiary 
cliannel,  excavates  fur  itself  others  through  the  most  yielding 

i)arts  of  the  deposites.  In  this  maimer  are  formed  those 
eatures  which  characterize  the  outlets  of  many  large  rivei-s, 
and  which  are  termed  deltay  after  the  name  given  to  the  pe- 
culiar shape  of  the  outlets  of  the  Nile. 

830.  River  Improvements.  There  is  no  subject  that 
falls  within  the  province  of  tlie  engineei-^s  art,  that  presents 
greater  difficulties  and  more  xmcertain  issues  than  the  im- 
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provement  of  ii^^ers.  Ever  Bubject  to  important  oh&ngOA  in 
their  regimen,  as  the  regions  by  whidi  thej  are  fed  are 
cleared  of  their  foreete  and  brought  under  cultivation,  one 
century  sees  them  deep,  flowiog  with  an  equable  current,  and 
liable  only  to  a  gradual  increase  in  volume  during  the  sea- 
Bons  of  f  reshety ;  while  the  next  finds  their  beds  a  prey  to 
Budden  and  great  freshets,  which  leave  them,  after  their  vio- 
lent passage,  obstructed  by  ever  Bhifting  bars  and  elbows. 
Besiaes  the^e  revolutions  brought  about  in  the  course  oi 
yeai's,  every  obfitruction  temi>orarily  placed  in  the  way  of  the 
current,  every  attempt  to  guard  one  point  from  its  action  by 
any  aitificial  means,  inevitably  produces  some  corresponding 
"^haufl^e  at  another,  which  can  seldom  be  foreseen,  and  for 
which  the  remedy  applied  may  prove  but  a  new  cause  of 
harm.  Thus,  a  bar  removed  fi'om  one  point  is  found  gradu* 
ally  to  form  lower  down ;  one  bank  protected  from  the  cur- 
rent's force  transfers  its  action  to  the  opposite  one,  on  any 
increase  of  volume  from  freshets,  widening  the  bed,  and 
frequently  giving  a  new  direction  to  the  channeL  Owing 
to  these  ever  varying  causes  of  change,  the  best  weighed 
plans  of  river  improvement  sometimes  result  in  complete 
lailure. 

831.  In  forming  a  plan  for  a  river  improvement,  the 
principal  objects  to  be  considered  by  the  engineer,  are,  Ist, 
Tiie  means  to  be  taken  to  protect  the  banks  from  the  action 
of  the  current.  2d.  Tho^e  to  prevent  inundatiims  of  the  sur- 
rounding country.  3d.  The  removal  of  bars,  elbows  and  other 
natm-al  obstructions  to  navigation.  4th.  The  means  to  be  re- 
sorted to  for  ol>taining  a  suitable  depth  of  water  for  boats,  of 
a  proper  tonnage,  for  the  trade  on  the  river, 

832»  The  erosion  of  the  banks  of  rivers  is  often  the  main 
cause  v>f  changes  irj  their  regimen,  such  as  the  formation  of 
sand  banks,  opening  new  chunneU,  change  of  thalweg.  This 
enrtsion,  nu*reover,  is  very  prejudieial  to  adjoining  pi*operty, , 
and  should  bo  strongly  onpnged.  Various  means  for  attain- 
ing this  end  arc  used.  Among  these  are  rip-rap,  or  random 
stone,  paving  the  banki^,  |jlantatioiis,  timber  revetment,  cover- 
erings  of  fascines,  and  finally,  projecting  works  called  mng- 
dams,  spiim,  jetties,  or  dykes. 

Ist.  i*i*^>-r<yj- — Ktp-  r  a|>,  or  random  stone,  carefully  put  down 
and  pmperly  kept  up,  h  very  effective.  It  may  be  economical 
to  use  it  wlien  stone  can  bo  i^asily  obtained,  A  trench  should 
be  dug  at  the  foot  of  tlie  bank  and  carried  below  any  ex- 
pected scour.  The  stone  should  then  be  thrown  in,  with  the 
smallest  pieces  at  the  bottom,  and  increasing  in  size  to  the  top. 
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The  blocks  on  top  slionld  bo  heax-y  otiough  to  prevent  tlieir 
being  waslied  awaj"  by  tbc3  current, 

2(1  Paving, — ravements,  or  stone  revetments,  may  be 
eitiier  of  dry  stone  or  of  stone  laid  in  Lydranlit:  mortar. 
Dry  stone  has  tbe  advantage  of  readily  adapting  itself  to  the 
sliape  of  the  ground,  but  it  has  also  tlie  great  disadvantage  of 
falling  in  entirely  iu  case  the  foot  tihuuld  be  attacked.  Witli 
good  hydraulic  nnisonry  a  thinner  pavement  and  smaller 
stones  may  be  used,  and  when  a  scour  tsikes  place  at  the 
footj  the  upper  part  of  the  revetment  forms  an  arch  which 
may  stand  by  itself  until  repaii-s  are  made.  IfVliatever  system 
be  followed,  the  foot  of  tlie  jiavcment  shi>idd  be  well  piT>tectcd 
with  rip* rap  and  the  foundation  should  be  put  down  with 
great  cure. 

3d,  Plantations. — Plantations  also  give  a  good  protection, 
especially  for  the  upper  part  of  the  banks.  The  common 
water  willow  is  excellent  fur  this  pui-puse.  It  groT,\^  quickly 
and  spreads  rapidly.  Willow  sticks,  al>o!it  a  foot  and  a 
half  long  and  an  inch  in  diameter,  are  stuck  a  foot  into 
the  ground  along  the  bank.  At  the  end  of  three  or  four 
years  the  plantation  will  have  become  a  small  wot^d,  which 
will  break  tlic  current  If  it  be  desired  to  make  ground,  the 
larger  branches  toward  the  water  may  be  cut  liaff  through, 
the  upper  end  pointed  and  stuck  in  the  ground.  This  growth 
becomes  very  tliick,  and  the  water  within  it  almost  stagnant. 
At  each  rise  of  the  river  a  certain  amount  of  dcp<jsit  takes 
place,  and  the  new  ground  is  quickly  made.  On  the  Oliio  it 
Itas  been  found  that  willows  do  not  grow  below  the  six-feet 
stage;  consequently  they  afford  no  protection  below  tliat  limit. 
They  are  mainly  useful  to  prevent  the  wash  of  waves  and 
steamboats, 

4tb.  Timber  revetments. — These  are  only  mentioned  be- 
cause they  may  serve  a  good  purpose  in  an  emergency  for 
lome  threatened  point,  but  for  general  work  they  are  too 
peridiable  to  be  of  much  value. 

5th.  FmciHts, — In  some  countries  a  great  deal  has  been 
done  for  the  priitection  of  banks  by  means  of  revetments 
of  fascines.  Iho  elements  of  fascine  work  are  pickets,  fas- 
cines of  larM  and  small  size,  saplings,  fascine  nifts  or  mat- 
tresses, hurdles,  reeds  and  straw.  In  France,  on  the  Rhine, 
fascines  have  been  employed  to  a  great  extent.  This  svsteui 
is  now  but  little  used,  on  account  of  the  cost  of  materials  and 
lalior,  which  have  both  increased  very  much ;  on  the  otlier 
hand,  trans|Kirtation  has  now  become  easy  and  cheap.  Wem 
works  like  tliose  on  the  Rhine  to  be  built  to*day,  large  us6 
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%voiild  doubtless  bo  made*  of  masonry  and  rip-rap,  as  these 
could  be  easily  carried  by  raiL 

6th.  Wingdams, — For  tlie  protection  of  tlie  banks  of  the 
Rhine  projeetiijg  fascino  works  were  formerly  used.  These 
were  called  wiug-dains,  spurs,  or  jetties,  aiul  were  phieed  nor- 
mal to  the  direction  of  the  current.  It  was  fomiu  Uiat  theyj 
were  frequently  undermined  by  the  sccmr  at  the  outer  cndf^ 
and  in  some  cases,  when  not  very  securely  rotited  to  the  batdc, 
the  river  cut  around  behind  tbem.  The  result  of  expeneneo 
in  t!ie  use  of  wini^-dams  has  led  to  their  abandonment  to  a 

freat  extent.  However,  it  must  be  acknfiwledged  that  wing- 
anm  have  given  go<xi  results  on  several  rivers  where  they 
have  been  properly  built  and  arranged,  and  where  care  has 
been  taken  to  give  thcrn  an  iiicliuation  in  the  direction  of  the 
current.  On  the  Oliio  river  a  number  of  dykes,  or  wing- 
dams,  nearly  parallel  to  the  current,  have  been  bnilt  with 
excellent  results. 

833,  Measures  against  inundations, — Many  ways  of  over- 
coming Hoods,  and  preventing  the  disastej-s  that  arise  there- 
iroin,  have  been  pronosed.  Kone,  however,  have  been  entirely 
successful,  and,  in  the  present  state  of  Bcicnee,  iho  question 
^eema  to  have  no  certain  solution.  Tlie  vuriouB  svsk^ms  })ro- 
posed  arc  as  follows;  1st,  to  build  reservoirs  for  holding 
back  the  hurtful  part  of  fk>ods  and  checking  the  flow  of  the 
water;  2d,  levees  or  embankments  raised  along  the  sides  of 
the  river;  3d,  cut-i^flf  canals  and  horizontal  ditches,  wen's; 
4th,  re-w<K>din^  arul  resodding  hills  and  mountains. 

Ist  lit'^eri^oirit.'^hiinmgii  by  At *ods  arises  frtmi  twocanses, 
the  volume  4>f  the  water  and  its  velocity.  The  furiner  acts  by 
submerging  buildings,  crops,  etc. ;  the  latter  by  cutting  away 
the  land,  carrying  away  struftures  of  various  kinds.  Of  fheso 
the  velocity  is  probably  tlie  more  destnictive,  and  the  remedy 
is  to  lessen  the  velocity.  This  tlie  ]>ai  tisnns  of  the  reservoir 
fivstoin  claim  can  be  best  accomplished  by  means  of  storing 
tlie  gi  eater  part  of  the  lhK)d,  and,  when  it  sulfides,  letting  off 
graaually  the  accumulated  water.  The  ojipuiients  of  the  sys- 
tern  claim  that  it  would  be  impossible  to  build  reservttirs  of 
suflirient  capacity  to  fiold  back  any  aj>preciablo  part  of  the 
falling  water.  Furthermore,  the  water  held  in  check  on  one 
tributary  might  be  let  loose  just  in  time  to  meet  tliat  coming 
out  of  unother,  ami  tims  maKe  the  second  flood  much  worse. 
The  cost  of  these  reservoir  would  be  etiormous,  and,  as  their 
necessity  is  fek  but  rarely,  tlie  expense  would  nt^t  be  justified 
by  the  value  of  tlie  property  protected.  If  built  across  a  largo 
river,  they  w^ould  bo  very  dangerous  and  difficult  to  build 
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They  would  submerge  valuable  laud,  stop  rafting,  etc.,  when 
half  full,  interfere  with  raih-oads  iu  the  valley,  etc. 

2d*  Levet\si.—T\ni  question  of  the  efficacy  oi  levees  or  longi- 
tudinal etubanliuieuta  is  still  a  point  entirely  unsettled  by 
cngineei-a,  and  St  seeuis  to  be  one  for  which  there  is  no  satis- 
factory solution.  Levees  have  been  need  fur  many  years  on 
the  Mississippi,  on  the  Po,  on  the  Ilhine,  iu  Hungary,  and  else- 
where. They  seem  to  be  the  most  natural  protection  against 
floods  and  tlie  one  that  would  pn*bably  be  hrst  adopted.  By 
confining  the  water-way  of  a  river  the  height  oi  floods  ib 
necessarily  increased;  therefore  levees,  when  used,  should  not 
be  placed  too  near  each  other.  Keeping  the  water  off  tlie 
land  prevents  the  deposit  of  the  soil  brought  from  other 
points^  whi(*h  might  tend  to  enrich  the  ground  if  allowed  to 
settle  thereon.  The  banks  of  all  rivers  in  alluvial  lands  are 
highest  near  the  river,  coii8e(|uent!y  whenever  a  levee  is  under- 
rained  if  a  new  one  l>e  built  it  must  be  on  lower  ground,  and 
theref(jre  higlier  and  more  expensive.  The  question  of  levees 
must  be  carefully  studied  for  the  particular  locality  to  be 
protected. 

3d.  Cut<(f  ca7iaU  and  korUontal  dltchea. — The  idea  of 
cut-ofE  canals,  whereby  the  water  of  a  freshet  can  be  drawn 
away  from  the  river,  is  very  pleasing  and  appareJitly  very 
feasible,  but  when  it  is  examined  in  detail  several  serious  ob- 
jections are  encountered*  The  cost  would  Uq  very  great. 
To  obtain  any  slope  for  them  the  entrance  for  the  water 
would  have  to  be  placed  so  far  up  stream  that  only  a  small 
portion  of  the  surplus  water  con  id  be  taken.  To  find  an  out- 
let is  still  more  difficnlt.  If  tlie  canal  be  not  continued  to 
the  sea  it  would  have  to  be  returned  to  tiie  river,  and  the  evil 
would  only  be  changed  from  one  point  to  another.  Nearly 
the  same  objections  apply  to  horizontal  ditclies  cut  in  the 
side  slopes  of  the  valley  of  the  stream.  The  water  would 
have  to  return  to  the  river  and  the  evil  wouhJ  be  unabated, 

4th.  Eewooding  and  resoddinfj  hUl-sides. — While  it  is  not 
yet  conchisively  shown  that  forests  have  any  special  influence 
on  the  auiount  of  rain-fall,  it  is  now  generally  admitted  that 
they  have  a  great  bearing  on  freshets,  because  they  hold  back  a 
great  deal  of  water  from  the  gronnd,  and  what  does  fall  is 
made  to  pass  off  gradually  instead  of  suddenly,  as  is  the  case 
in  un wooded  countries.  Sf>d  has  njuch  the  same  effect  as 
woods.  Covering  the  ground  with  wottds  and  grass  increased 
the  length  of  the  freshet,  and  consequently  checks  its  violence. 

834.  Elbo'ws.  The  constant  wear  of  the  baiik^  and  shift- 
ing of  the  channel  towards  the  concave  side  of  elbows,  have 
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led  to  various  plana  for  removing  the  inconveniences  whicli 
tliey  present  to  navj^itir*n.  The  niethwl  wliich  has  been 
moist  generally  tried  for  this  piirpuso  u( insists  iu  building  out 
dykes,  terniod  toing-danis^  fjuni  the  conclave  side  into  the 
stream,  placing  them  either  iit  riglit  angles  to  tlie  tliread  of 
the  eun-ent,  or  obliquely  down  stream,  so  as  to  deflect  the  cur- 
rent towards  the  opposite  shore. 

Wing-dams  ai-e  iisiially  eoii&tructed  either  of  blocks  of 
stone,  of  crib- work  formed  uf  heavy  timberB  filled  in  with 
broken  stone,  or  of  alternate  layers  of  gravel  and  fascines. 
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Fiff,  S47— Bcpravnt*  s  mcUoii  of  tbe  timber  wti^-daioii  od  iho  Bo^  fiofm«d  of  plan  • 

the  Inclini'fi  pii-oeg  of  th«>  rtb*, 
a  b  KUfl  h  f\  InciiDtd  face«af  the  diua,  the  flnt  laaklikg  ha  uigle  of  €SI*,  and  ttM  Mooiid  ol  fi8*J] 

witl)  the  horl»oD» 
d  ttiid  6  ptecvA  of  tho  rib. 
/soil  Q  horistintjil  ptooM  oouoooting  the  liba. 

Within  a  few  years  hack,  wing-dams,  consisting  simply  of  a 
series  of  vertical  frames,  or  ribs  (Fig.  247)»  strongly  con- 
nected together,  and  covered  on  the  uri-stream  side  by  thick 
plank,  winch  present  a  1  broken  inclined  plane  to  the  current, 
the  lower  part  of  wiiich  i&  less  steep  than  the  upper,  have 
been  used  upon  the  Po,  with,  it  is  stated,  coniplete  snccesdjj 
for  arrcstbig  rlie  wear  uf  a  bank  by  the  current.  These 
daiim  are  placed  at  some  distance  above  the  point  to  be 
protected,  and  their  plan  is  slightly  convex  on  tho  up-sti'eam 
side. 

Wing-dams  of  the  ordinary  form  and  construction  are  now 
regarded^  from  the  experience  of  a  long  series  of  years  on  the 
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Rhine  and  some  other  rivers  in  Eui-opc,  as  little  semceable, 
if  not  |R7i?itivcly  htirtftil,  aa  a  river  improvement,  and  the 
abandonment  ol  their  mo  has  been  strongly  urged  by  engi* 
neefii  in  France, 

The  action  of  the  current  against  the  side  of  the  dam 
causes  whirls  aud  couuter-currenta^  whieh  ai'e  found  to  un- 
dermine the  bfiee  r)f  the  dam,  and  the  bank  adjacent  to  it. 
Sliallows  and  bars  arc  formed  in  the  bed  of  the  etream,  near 
the  dam,  by  the  debris  borne  along  by  tlie  current  after  it 
passes  the  dam,  giving  very  frequently  a  more  toiliious  eonrge 
to  the  channel  than  it  had  naturally  asaumed  in  the  elbow. 
Ttio  be^t  method  yet  found  of  arresting  the  progress  of  an 
elbow  is  to  pmtect  the  concave  hank  by  a  facing  of  dry 
stone,  formed  by  thmvving  in  hnise  Ijlocks  of  stone  along  t)ie 
foot  of  the  batdv,  atjd  giving  them  the  slope  they  naturally 
assume  when  thus  thrown  in. 

Wing- walls  were  put  into  the  Hudson  River  many  years 
Bince  for  the  purpose  of  removing  tlie  bai*8  and  improving 
the  stream  for  mivigable  purposes.  The  result  has  been  that 
they  produced  a  scour  in  the  narrowed  part  of  the  streamj 
which  removed  the  sand  and  other  materials  of  the  bar  to 
mints  lower  d*nvn  in  the  stream,  wliere  it  was  again  depos- 
ited ;  thus  removing  tlie  previous  obstruction  only  to  prfjduee 
a  woi-se  one  in  a  new  place. 

Gen.  Tot  ten,  in  an  able  report  to  the  Government  on  the 
inipro%*ement  of  rivci-s  having  bars,  showed  very  clearly  the 
error  of  attempting  to  inipmve  rivers  by  means  or  wi!ig-dani8. 
He  recommended  the  e^itablishment  of  a  uniform  channel  by 
longitwlinal  dykes,  made  of  continuous  piles  or  of  walls  of 
masonry-  This  plan  has  been  adopted  more  I'eeently  and 
with  good  results. 

835,  EIIjows  upon  most  rivers  finally  reach  that  state  of 
development  in  wfuch  the  wear  upon  the  concave  side,  from 
the  action  (*f  tlie  eurrentj  will  be  entirely  su&j>ended,  and  the 
regimen  of  the  river  at  these  points  will  remain  stable.  This 
state  will  de[>eiHl  upon  the  nature  of  the  soil  of  the  banks 
and  bed,  and  the  character  of  the  freshets.  From  observa- 
tions made  upon  the  Rhine,  it  is  stated  that  elbows,  witli  a 
radius  of  curvature  of  nearly  3,000  yards,  preserve  a  fixed 
regitnen  ;  and  tliat  the  banks  of  those  which  have  a  radius  of 
ab(Hit  1,500  yards  are  seldom  injured,  if  properly  faced. 

836,  Attempts  have,  in  some  cases,  been  made  to  sltorten 
and  straigtiten  the  coni^o  of  a  river,  by  cutting  across  the 
tongue  of  land  that  forms  the  convex  bank  of  the  elbow,  and 
turning  the  water  into  a  new  chamieh     It  has  generally  been 
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found  that  tlie  stream  in  time  forms  for  itself  a  new  bed  of 
nearly  tlie  same  character  as  it  originally  had. 

837.  Bars,— To  obtain  a  sufficient  depth  of  water  oTer 
bars,  the  deposit  nntst  either  be  scooped  up  by  maeliiiierjr 
and  be  conveyed  away,,  or  be  renioved  by  giving  au  increased 
velocity  to  the  current  When  the  latter  plan  16  preferred, 
an  artificial  channel  is  formed,  by  contracting  the  natnml 
way,  confining  it  between  two  low  djkes^  which  shoiilU  rise 
only  a  little  above  the  ordinary  level  of  low  water,  so  that  n 
Bufficiciit  outlet  may  be  left  for  the  water  during  the  sea^oa 
of  freshets,  by  allowing  it  to  flow  over  the  dams. 

If  the  river  separates  into  several  channels  at  the  bar,  dacna 
should  he  built  across  all  except  the  main  channel, sci  tliat  by 
throwing  the  whole  of  the  water  into  it  the  eflfects  of  the  cur- 
rent may  he  greater  upon  tlie  bed. 

The  luiigirudinal  dykes^  between  which  tlie  main  cdiaunel 
is  confined,  shuuld  be  placed  as  nearly  as  practicable  in  the 
direction  which  the  channel  has  naturally  assumed.  If  it  l>e 
deemed  advisable  to  change  the  position  of  tlie  ehatitiel,  it 
should  be  shifted  to  that  side  of  tlie  bed  which  will  yield  raoel 
readily  to  the  action  of  the  current. 

838.  In  situations  wliere  largi*  reservoirs  can  be  formed 
near  the  bar,  the  w  ater  from  them  may  be  used  for  removing 
it.  For  this  purpose  an  outlet  is  made  from  the  re&er%T>ir,  in 
the  direction  of  the  bar,  which  is  closed  by  a  gate  that  tunifi 
npon  a  vertical  axis,  and  is  so  arranged  that  it  can  be  sudden- 
ly tliruwn  open  to  let  off  the  water.  The  chase  of  water 
formed  in  this  way  sweeping  over  the  bar  will  prevent  tho 
acciinudation  of  deposits  upon  it.  This  plan  is  frequently 
resorted  to  in  Europe  for  the  removal  of  dep<.Ksit6  tliat  «- 
mnlate  at  the  inonth  of  harboi^sin  those  localities  whei-e,  1:  ... 
the  height  to  which  the  tide  rises,  a  great  head  of  water  can 
be  obtained  in  the  reservoirs. 

839.  In  the  improvement  of  the  months  of  rivers  which 
empty  into  the  sea  through  several  channels,  no  obstrtiction 
ehoufd  be  placed  to  the  free  ingress  of  the  tides  through  all 
the  channels.  If  the  main  channel  is  subject  to  obstructiona 
from  dep<isit8,  dams  should  be  built  across  the  secondary 
channels,  which  may  be  so  arranged  witli  cuts  through  them, 
closed  i)y  gates,  that  the  flmjd-title  will  meet  w^ith  no  itl^truc- 
tion  from  the  gaten,  while  the  el)b'tide,  cansing  the  galea  to 
close,  will  l>e  forced  to  recede  through  the  main  ciiannelf 
which,  in  this  way,  will  be  daily  sconred,  and  freed  from  de- 
posits hy  the  ebb  current.  The  same  object  may  be  t  '*'  \ 
t>y  building  dams  without  inlets  acroas  the  secondary  cJ. 
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giviD|]f  them  eticli  aheiofht  that  at  a  certain  stage  of  the  flood - 
tide  tJie  water  will  flow  over  thcrn  and  till  tbo  channels alxne 
the  ilaTTis.  The  portion  of  water  thus  danimed  in  will  bo 
forced  tlirmigh  the  main  channel  at  the  ebb. 

840.  When  the  bed  is  obstructed  bv  rocks,  it  may  be  deep- 
ened by  blastinjjf  the  i\»cks,  and  removing  tlie  fragments  with 
the  assistance  or  the  diving-bell  and  other  iiiaclnnery. 

84L  In  some  of  our  rivers  obstructions  oi  a  very  danger- 
ous character  to  boats  are  met  with,  in  the  trunks  of  lar^e 
trees  which  are  embedded  in  the  buttnm  at  one  end,  w^hile  the 
other  is  nejir  the  surface ;  they  are  termed  snaffs  and  saieyers 
by  the  h(»atmeu*  These  obstrnetions  have  been  xory  success- 
fully reuKA'ed,  within  late  years,  by  means  of  machinery, and 
by  propelling  tw(j  lieavy  boats,  moved  by  steam,  which  are 
connected  hy  a  strong  beam  across  their  Ik>ws,  so  that  the 
beam  wilt  strike  the  snag,  and  either  break  it  off  near  the 
bottom  or  npiXK)t  it.  Other  obstructions,  termed  rafU^  form- 
ed by  the  accumulatiim  of  drift-wood  at  jroints  oi  a  river's 
course,  are  also  found  in  some  of  our  western  rivers.  These 
ai*e  also  in  process  of  removal,  by  cutting  through  them  by 
various  means  which  have  been  found  successful. 

842.  Slack-water  Navigation.— AVlien  the  general  depth 
of  water  in  a  river  is  insufficient  for  the  diuught  of  boats  of 
the  most  suitable  size  for  the  trade  on  it,  an  iniproveuient. 
termed  Elack-water  or  lock  and  dam  navigation^  is  resorted 
to.  This  consists  in  dividing  the  course  into  several  suitable 
ponds,  by  forming  dams  to  keep  the  water  in  the  pond  at  a 
constant  head ;  and  by  passing  from  one  pond  to  another  by 
locks  at  the  ends  uf  the  dams. 

843.  The  position  of  the  dams,  and  the  number  required 
will  depend  upon  the  locality.  In  streams  subject  to  heavy 
freshets,  it  will  generally  be  advisable  to  place  the  dams  at 
the  widest  parts  of  the  bed,  to  obtain  the  gi-eatest  cutlet  for 
the  water  over  the  dam.  The  dams  may  be  built  either  in  a 
straight  line  between  the  banks  and  perpendicular  to  the 
thread  of  the  current,  or  they  may  be  in  a  straight  line  ob- 
lique to  the  current,  or  tlicir  plan  nniy  be  curved,  the  convex 
surface  being  up-sti^eam,  or  it  may  be  a  broken  line  present- 
ing an  angle  up-stre^ni.  The  last  thi*ee  forms  offer  a  greater 
outlet  thau  the  first  to  the  water  that  flows  over  the  dam,  but 
are  more  liable  to  cause  injury  to  the  bed  below  tlie  stream, 
fr\Hn  the  oblique  direction  which  the  current  may  receive, 
arising  from  the  form  of  the  dam  at  top. 

844.  The  cross  section  of  a  dam  is  usually  trapezoidal,  the 
face    up-stream   being  inclined,  and   the  one  down -stream 
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either  vertical  or  inclined,  Wlien  tlie  down-stream  face  h 
vertical*  t!ie  velocity  of  tl»e  wuter  wliich  tttiwe  over  the  dami 
h  destroyed  by  tlie  slioek  against  tlie  water  of  the  jKjnd  belo\r 
the  diinj,  hut  whirls  are  formed  which  arc  njorc  destructive 
to  the  bed  than  would  bo  the  action  of  the  current  npon  it 
along  the  inclined  face  of  a  dam.  In  all  easeft  the  sides  and 
bed  of  the  stream,  for  some  distance  below  the  darn,  should 
be  printer  ted  from  the  action  of  the  current  by  a  facing  uf 
dry  stone,  timber,  or  any  other  constroetion  of  sufficient  dura- 
bility for  the  object  in  view. 

845.  The  dams  Bhoidd  receive  a  stifficient  li eight  only  to 
maintain  the  requisite  depth  of  water  in  the  ponds  for  the 
purjRities  of  navigation.  Any  material  at  hand,  offering  suffi- 
cient durability  against  tlie  action  of  the  water,  may  be  re^ 
sorted  to  in  tlieir  construct  ion.  Dams  of  alternate  layers  ol 
brush  and  gravel,  with  a  faeing  of  plank^  fascines,  or  dry 
stoTie,  answer  very  well  in  gentle  currents.  If  tlie  dam  is  ex- 
posed  to  heavy  freslicts,  to  slioeks  of  icCj  and  other  hea%*y 
floating  bodies,  as  drift-wmid,  it  would  be  iiu^re  prudent  to 
form  it  of  dry  stone  entirely,  or  of  crib-work  tilled  with  stone; 
or,  if  the  last  materia!  cannot  bo  obtained,  of  a  uAk\  eriii-work 
alone.  If  the  dam  is  to  be  made  watertight,  sand  ami  gravel 
in  eufticieut  quantity  nniy  be  thrown  iu  against  it  in  the 
upper  pond.  The  points  w^here  the  dam  joins  the  banks, 
wliich  are  termed  tlio  roots  of  the  dam,  recpiire  particular 
attentiou  to  prevent  the  water  fnnn  tillering  amund  them* 
The  ordinary  precaution  for  this  is  to  build  the  dam  some 
distance  bat^k  into  the  banks. 

846.  The  tiafciit  means  of  e<mimunication  between  the 
ponds  is  by  an  ordinary  lock.  It  slKnild  he  jilaced  at  one 
extremity  of  the  daui,  au  excavation  in  the  hank  being  made 
for  it,  to  secure  it  from  damage  liy  floating  bodies  brought 
down  by  the  eun-cTit  Tiie  sides  ot  the  lock  and  a  j>ortion  of 
the  dam  near  it  should  Ijc  raised  sutlieiently  high  to  pi"event 
them  from  being  overrtowed  by  the  heaviest  fresliets.  Wlien 
the  height  to  which  the  freshets  rise  is  great,  the  leaves  of 
the  head  trates  should  be  formed  of  two  parts,  as  a  single  leaf 
would,  from  its  size,  be  too  un wieldly,  the  lower  portion  being 
of  a  suitable  height  for  tlie  ordinary  manoauvres  of  tlie  lock; 
the  upper,  being  used  only  during  the  fresliets,  are  so  ar- 
raugeil  that  their  Ixittom  cross  pieces  shall  rest,  when  the 
gates  are  closed,  against  the  top  of  the  lower  porti(»ns.  An 
ari-angement  somewhat  similar  to  this  may  Ije  made  for  the 
tail  gates,  wdien  the  lifts  of  the  locks  are  great,  to  avoid  thoi 
difficulty  of  maucouvring  very  high  gates,  by  permanently^ 
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cloaing  the  npper  part  of  tlio  entrance  to  the  lock  at  the  tail 
gatci,  either  by  a  wall  bnilt  between  the  side  wall.s,  or  by  a 
perrnanetrt  framework,  below  which  a  &iifflcieiit  height  is  left 
for  the  bonts  to  pass, 

847.  The  fixed  dams  used  in  alack  water  narigation  preseTit 
one  great  objection,  viz,,  that  duriog  pericids  of  iiiediiiin  high 
water  all  navigation  must  pass  tli rough  the  locksj  although 
the  amount  of  water  in  the  river  niight  be  quite  Bufficient  for 
a  natural  navi^tion  were  the  darns  not  built.  Tliis  is  a  great 
drawback  to  the  system  because  each  Im^kage  causes  a  delay, 

Tlie  mrjvable  dams  that  have  been  for  a  number  of  years 
in  use  in  France  remove  this  difhcnUy.  These  dama  are  so 
constructed  that  dmnng  high  water  they  may  be  laid  down  on 
a  fl:K>r^  built  in  the  bed  of  the  river,  where  tliey  are  wholly  out 
of  the  way,  and  in  times  of  low  water  they  are  raised  up  and 
furm  a  datn. 

Movable  dams  are  divided  into  two  or  more  parts,  the  floors 
of  theie  different  parts  beinjg  raised  one  above  tlie  «vther, 
forming  a  series  ot  steps.  The  one  with  the  lowest  fl<H>r  is 
called  the  navigable  pass  and  is  usually  placed  alongside  of 
the  lock.  Tlie  other  parts  are  called  weirs.  The  pass  serves - 
fi)r  the  purposes  of  navigation  during  medium  stages ;  t!io 
object  oF  the  weii*a  is  to  control  the  water  in  the  pfx>l  so  as  to 
keep  the  latter  as  Tiearly  as  possible  at  a  constant  level. 

848.  Movable  dams  may  be  divided  into  two  general  classes: 
1st,  Those  maureuvred  by  means  of  power  applied  through 
machinery  of  any  kind;  2d,  those  manojuvred  by  the  direct 
pressure  of  the  water* 

Of  the  first  class,  the  systems  most  in  use  are  the  Poii-^e 
trestle  and  needle  dam  and  the  Chanoine  wicket  dam.  The 
Boule  dam  of  trestles  and  gliding  gates  is  less  common.  Of 
the  second  class,  the  bear- trap,  tne  Dasfontaines,  and  the 
Girard  dams,  may  be  regarded  as  tj'pes. 

849.  The  Poiree  dam  consists  or  a  number  of  tmpezoidal 
shaped  trestles  placed  across  the  stream  parallel  to  its  axis, 
and  ab  Kit  four  feet  apart.  They  are  securely  fivsteued  to  the 
floor  at  the  btittom  and  conuected  together  at  the  top  by 
means  of  connecting- bars,  against  the  up-stream  one  of  which 
are  supported  the  upper  ends  of  the  needles,  which  have  their 
lower  ends  resting  against  a  sill  in  the  flix>r.  The  bottom 
member  of  the  tra|>e25<jid  has  a  junrnal  at  each  end  which  fits 
into  a  box  set  to  receive  it  in  the  floor  of  the  dam.  The  up- 
stream member  is  nearly  or  quite  verrical,  the  top  member  is 
liorizuntal  and  about  two-thirds  the  length  ut  the  bottom  piece, 
the  down-stream  member  reaches  from  the  down-stream  end 
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Fig.  M9— A,  deration,  and  B,  section  of  np-stream  anchorage  of  trestle ;  a,  recess  in  jonmal- 
box  to  receive  joamal  of  tzeetle ;  fr,  holding-down  bolt ;  c,  steel  pin  oonniecting  jonmal-bcx 
and  bolt. 


Jig.  S60.— A,  side  eUnratlon;  Bt  front  ikmifeioii ;  mod  Ot  plan  of  down-stream  jonmal-bos. 
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handle,  and  as  making  a  dam  that  is  sufficiently  tight  for  all 
practical  purposee. 


W^' 


i 


:iJ 


Fig,  SS8v — ^Tn««K!Te  B  covrtrinir  Inturvala  betuneoD  It  And  ordtiwrjr  iu!«(UMit  A  A, 
Tig.  384.— NMdJe  B,  with  lodiii  rubber  fodng;  0,  oov«rlitg  iatorv«lft  between  B  t 


I A  A. 


851.  The  manoaavre^  of  a  needle  darn  are  two,  viz.»toclo&e 
and  to  open  it  To  describe  the  first  operation  we  will  &np- 
pose  the  dam  to  be  entirely  open,  the  trestles  lyin^  down  on 
the  fliwn  Tiie  dam  teiiJei*3  begin  to  work  on  tbe  npponnoat 
trestle.  Tliis  trestle  is  grappled  for  by  means  of  a  hook  with 
a  long  handle.  If  the  trestle  be  light  it  can  be  raised  by 
hand.  If  it  be  heavy  a  strong  line  or  chain  is  attached  by 
one  end  to  a  ring  in  the  handle  of  the  hook  and  by  the  other 
to  tlie  drum  of  a  small  windlass.  When  the  trestle  is  nearly 
np,  one  man  seizes  it  with  a  small  hand-bar  which  has  two 
notches  or  claws  made  in  it  at  the  exact  distance  apart  of  the 
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Fig.  255.— H^nd  hiir  aived  to  coiioect  tnwtlo  lost  nliod  to  the  prcoedlng  nntll  ftock  plAoka 
and  «uiuioctliig  b«rs  aui  bo  IaM. 

tops  of  thr3  trestles  when  np.  This  hand-bar  hrilds  the  trestle 
temporarily  until  the  planks  that  form  the  deck  of  the  bridge 
are  laid  and  the  connncting  bars  put  in  place.  The  windlass 
is  then  moved  forward  and  the  second  trestle  graj>()lod  for 
and  raised  in  the  same  way,  and  so  on  to  the  end.  When  the 
hiat  trestle  is  raised  and  secnred  the  needles  are  put  in  place 
one  by  one  from  the  bridge  thus  constrncted.  In  some  cases 
the  caps  of  the  trestles  are  connected  tcjgether  by  a  chain 
leading  from  one  to  the  next.  This  chain  is  long  enough  to 
reach  from  one  to  the  other  wlion  the  first  is  standing  up  and 
the  second  is  lying  down.     This  saves  the  trouble  *>f  grap- 

filing  for  the  trestles,  which  always  causes  the  loss  of  more  or 
eis  time. 

To  open  the  dam  the  needles  are  first  removed.  The  hand- 
bar  is  placed  on  the  last  two  trestles,  the  connecting  bars  and 
the  planks  are  taken  up  and  the  last  trestle  is  laid  down. 


SIO  COIL  X3 

Tb«  ctimn  go  down  in  faeeeninci,  care  betn^  taken  to  let 
Ibm  down  ewOj,  becmme  if  allowed  m  &U  msf  milg^  l» 

852.  In  etme  of  m  tliglil  rite  eoming  in  tfae  rifcr,  some  of 
the  oeedka  majr  be  temponuil^  ramofwwA  in  otder  to  let  the 

ion>ltj#  irater  pasa  ofL 

Sometirnca  it  banpena  that  tbe  wal)er  rkea  ao  rapidlT  tbat 
the  dam  <^niiot  be  OMinantled  and  let  down.  In  tnia  cw^  it 
funns  exactly  tbe  iame  ohatade  that  would  be  made  bj  a 
&xed  dujii  of 'the  Bame  height. 

853,  To  protect  tbe  diun  tenders  in  their  operatioiia  bj 
night,  or  in  fttormj  weather,  a  sort  of  hand-rail  la  placed  oci 


fVf.  IM.— fiido  okTAdon  of  trestle  on  the  Bo^ffdAn  U&xun*    B  B  C  P,  trsitle;  B  H,  i 

■Ula ;  O  V.  iip-irtreiun  tttle ;  B  F,  cap ;  B  C,  nxlo ;  M,  movublo  bar  mrtfng  a«rKin«t  cmp ;  (J,  1 
Attachfid  jlo'jr ;  A  D,  ulo  o<  floor;  U,  iqa&rv  end  of  jack-pott ;  O  N»  nMdle;  Q,  ?yt  oal 


one  side  or  other  of  the  trestles,  the  down -stream  side  being 
the  better,  ou  account  of  iiiterferiu|;  less  with  handling  the 
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Tieedles.     This  hafid-rail  is  formed  of  a  line  passing  throiiffh 
ejes  at  the  top  of  vertical  pieces  Bet  in  the  trestle  at  tlie 
upper  duwii-streara  corner, 
854.  Two  objections  to  this  Bvstem  are  the  noinl>er  of 

Sicces  to  ho  handled  in  connecting  the  trestles  and  laying  the 
eck  of  tile  hridge,  and  the  Binall  distance  between  the  sur- 
face of  the  water  and  the  bridge. 


n*        O' 


Pi«.  B67, 


Fig.  S6& 


Flff.  969. 


Flff.  tS7.— Froot  elevftUon  of  idcHoii  of  dam  on  Ibe  M«QMr.  A  B,  tmUet ;  O,  floor  folded 
lumlnat  mtltf  of  tn*tle' ;  O^  flooc  oontieoting  twitl«t ;  li^  rDOTAble  bar  mppcMrttjiff  oeedloa ; 
G  N,  neodteA ;  O  Q^  of  «i  of  ticerll«ib 

Pig.  a&ri — A,  eo)ai%^  tide  dt-vat^tifi  of  iii>per  op-itream  corner  of  trc»*tIo ;  F  P,  ntvtic ;  *  ^ 
Vrvoe ;  A,  efi'l  of  jack-ivMt  to  p.uoe  In  tube  ;  c,  slot  for  set  acrevt  of  jiw.'k'pufft ;  e,  colUir  for 
movable  b»r ;  B,  section  on  ct  &  Mhowdnff  tube  anil  jack-pD«k  vhea  ih«i  vacapemeot  Is  open. 

Fig,  Wi.—K  front  otcvation  of  above ;  B,  •ociion  oo  a  & ;  0,  lodtioa  on  c  4.  Both  aocckHU 
■how  poattion  of  jaok-poat  irlth  eacapomont  op«n. 

Tliese  olijections  have  been  very  inp^cnioiisly  met  on  the 
Belgian  Meu&e  by  making  the  deck  of  the  bridge  of  sheet- 
iron,  etiffeiied  at  the  sides  by  means  of  pieces  of  bar  iron. 
The&e  stiffening  pieces  are  made  with  an  eye  at  one  end  and 


613 


CIVIL  ENQIKSEBma. 


a  claw  at  the  other.  Through  the  eyes  passes  an  axle  which 
is  attached  to  the  top  of  the  trestle  by  a  prolongation  of  tlie 
down-stream  stile  on  the  one  side,  and  on  the  otner  by  a  tube 
welded  to  the  cap.  A  chain  reaches  from  the  free  end  of 
the  attached  deck  of  one  trestle  to  the  axle  of  the  deck  of  the 


A*     »! 


Fig.  900.— A,  front  elerstion,  and  B,  side  eleratSon  of  j«ok- 
pottt^  with  eaoapement  doMd ;  0,  lectian  on  a  d ;  D» 
■ectkm  on  c  d.    In  all  four  a  it  the  set  torow. 


r 


AOQC 
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next.    This  chain  is  snfBcientlj  long  to  allow  one  trestle  to 
be  npright  and  the  next  to  lie  down. 

To  raise  one  of  the  trestles  the  chain  fastened  to  the  deck 
axle  of  the  one  already  up  is  pulled  in.  This  draws  up  the 
free  end  of  the  deck  of  the  next  trestle,  and  with  the  deck 


^^-]ir~ 


Fig.  901.— A,  eleratlon,  and  B,  horixontal  aecdon  of  movable  bar;  a,  eye  that  fiti  the  tube ;  ft, 
tabo,  and  c,  jack-pout  of  next  trentle  with  e«capemcnt  dosed ;  d,  arm  to  stop  movable 
bar  at  cap  of  troKtle  when  the  oflcapement  is  opened. 

comes  the  trestle  to  which  it  is  attached.  When  the  rising 
trestle  is  up  the  claws  of  its  section  of  the  deck  are  en^ged 
on  the  deck  axle  of  the  preceding,  and  the  movement  is  fin- 
ished. 

The  bar  that  supports  the  upper  end  of  the  needles  is  no 
longer  a  connecting  bar.  It  simply  SN.'ings  around  the  tube 
that  forms  the  up-stream  support  of  the  deck  axle. 
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855.  Esoapements,     Sometimes  it  is  necessaiy  to  let  all 

tlie  needles  between  twn  trestles  go  at  unce.  A  special 
arrangement,  called  an  escapement,  is  made  ftir  this.  These 
escapeiaents  are  of  various  Kiude.  That  used  cm  the  Belgian 
Meuse  is*  thus  arranged  :  on  the  interior  of  the  tuhe  h  placed 
a  jack-post,  which  projects  a  little  ahove  the  deck*  This  pro- 
jecting end  is  Tnade  sqnarOj  eo  that  a  wrench  may  bo  applied 
to  it  Tlic  jack-post  is  cut  half  way  through  near  the  bottom 
for  a  length  of  nearly  three  inches.  It  is  movable  within 
the  tiU>e,  and  is  held  in  its  place  by  means  of  a  set-screw  near 
the  middle  of  its  height  Thi:^  set-screw  moves  in  a  slot  cut 
one-cpiarter  round  the  tube.  The  jack-post  is  thus  prevented 
fixjm  moving  lengthwise,  and  at  the  same  time  is  onlv  allowed 
to  make  a  qnarter  revolntivm  inside  of  the  IuIjc.  A  slc^t  simi- 
lar to  that  in  the  jack-pnst  is  also  made  in  the  In  be  on  the 
side  towards  the  trestle  of  which  it  receives  the  claws  of  the 
deck.  Tlie  movable  bar  has  also  a  slut  correaponding  to 
those  of  the  jack-post  and  tnbe. 

Wiien  the  escapement  is  closed  the  slot  of  tlie  jack-post  is 
turned  down-stream.  The  movable  bar  of  the  next  trestle  is 
thus  pi-evented  from  passing  throngh  the  slots  of  tlie  tnbe  and 
its  movable  bar.  The  needles  are  supported  by  the  movable 
bar  and  bill.  The  bar  has  near  its  free  end  a  small  proiect- 
jug  arm  which  prevents  it  from  swinging  past  the  cup  or  the 
trestle.  The  needles  are  provided  each  with  an  eye  near  tlie 
upper  end.  A  line  is  passed  thronglx  these  eyes  to  hold  the 
needles  from  being  lost  when  tJiey  are  allowed  to  go.  This 
line  is  passed  nnder  the  deck  and  then  fastened  to  a  cable, 
whicii  is  attached  either  to  the  bridge  or  to  a  pier  or  abut- 
ment. 

S5B,  When  it  is  desired  to  open  the  dam  the  wrench  is 
applied  to  tfio  square  projecting  end  of  the  ]ack-i>ost,  which 
is  turned  quarter  j*ound,  so  that  its  slot  may  coincide  with 
those  of  ttie  tube  and  movable  bar.  The  bar  of  the  next  tres- 
tle,  having  then  no  support  at  the  free  end,  is  carried  away 
by  the  pressure  of  the  water  transmitted  through  tiie  needles. 
The  latter  are  carried  down  between  the  trestles,  and  are 
koj>t  from  drifting  away  by  means  of  the  line. 

There  are  other  kinds  of  escapement  in  use  whicli  it  is 
needless  to  describe.  The  system  of  tl^e  Belgian  ileuse  is 
the  best,  because  it  is  the  least  complicated  in  its  workings, 
and  leaves  the  bridge  intact  after  the  support  of  the  needles 
is  removed. 

857,  Chanoine  Wicket  Dam. — This  dam  consists  of  a 
series  of  panels,  three  or  four  feet  wide,  each  independent  of. 
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tlioeo  alongside,  and  separated  from  them  by  an  interval  ol 
abont  fonr  inches.  These  panels  are  of  wood,  rectangular  in 
sliape,  and  free  to  oecillate  about  the  head  of  a  frame  called 


Wig.  S69.— Section  of  ChAnoine  dMo,  nhowing  wicket  down,  nrs  and  swung.  A,  panel :  B, 
bone :  C,  prop :  D.  barter :  E,  lUide ;  F.  dll ;  O,  trip-bar :  H.  ancboring  bolt :  L  aochor- 
ing  disc ;  K  K,  pillows :  O,  axix  of  oooillation.  A',  B',  CX  sbow  panel,  bom,  and  prop 
wben  down.    Dotted  line*  sbow  panel  swung. 


the  horse.     The  horse  revolves  about  an  axle  at  its  bottom. 
To  tlie  head  of  the  horse  is  fastened  a  long  j>rop^  the  lower 


Pig.  963.— Flan  of  Chanof ne  dam.    B.  honw ;  0,  prop :  D.  barter ;  E,  slide ;  F,  dll ;  O,  trip- 
bar  ;  K  K,  pillows.    Dotted  rectangles  show  position  of  panels  wben  down. 

end  of  which  rests  against  a  shoulder  or  hu?*(er.  The  panel, 
the  horse,  and  the  prop,  taken  together,  are  called  a  wicksL 
The  part  of  the  panel  above  the  axis  of  oscillation  is  called 
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the  chase^  the  part  below  is  called  the  ireech^    The  lower  end 
of  the  breeeh  reBts  against  a  sill. 

The  axis  of  oticillutioti  of  the  wickets  of  the  pass  was  for- 
merly placed  at  live- twelfths  or  less  of  the  length  of  the  pauel 
from  the  bottom,  but  tlie  present  practice  is  t<j  place  it  at  the 
middle  of  the  panel  Tim  axis  of  oscillation  of  the  wickets 
of  the  weir  is  placed  but  littlo  above  the  centre  of  pressure^ 


B 
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ng.  SIM>— A.  front  »t«w;  B,  Itmcitiwllnftl  wotlon  :  0,  ?»»r  w\vw  of  pa&frL  C  al*©  «howi  tMvntt 
«ttaM?h«*d.  a  a,  ttUeit ;  ifr  ^«  ntk)* ;  c.  Iron  counterp(jri«o ;  *L,  |i»um«MMitx«tB  for  head  of  tiorae ; 
tf  e^  planks ;  ff^  baU  ;  g^  hoUow ;  P«  Boction  of  horsu ;  B,  nidn  view  of  prop» 


60  that  they  may  swing  spontaneously  if  the  water  rises  hiirh 
enough.  The  wickets  of  the  pass  shonll  never  swinir.  The 
face  of  the  panel  makes  an  angle  of  20*^  npstreara,  with  the 
vertical  line  let  fall  from  the  centre  of  oscillation.  The  prop 
makes  an  angle  of  53^  down-stream,  and  the  horse  5°  down* 
Btreani  from  the  same  line.  In  a  dam  now  building  in  France 
the  inclination  of  the  horse  is  made  nj^stream  instead  of 
down-stream.  This  lessens  the  pull  on  the  horse  and  the 
thrust  on  the  prop. 


516 


CITIL  ENOn^EERCrG, 


Beyond  the  hiirter  is  placed  tlie  slide.  In  front  of  the 
hiirter  is  the  triphftr,  M'ith  its  guides,  rciUers,  and  books,  the 
nsea  of  tliese  parte  Ixjing  explained  in  the  munoiuvres, 

858.  The  njiintJBiivi'cs  of  this  dam  are  three:  to  lower,  to 
raise,  and  to  swing.  Tiio  wieket  is  np  when  the  prop  rests 
airainst  the  liurter  and  the  fo<^t  f»f  the  panel  ajL^^inst  tlie  eill- 
If,  while  the  wieket  is  up,  the  hreeeh  be  raised  so  ae  to  let 
the  water  pass  out  botli  under  and  over  the  panel,  the  latter 
18  said  to  he  awuny.  The  wicket  is  down  when  it  is  lying  on 
tlie  flooi'. 

859.  To  lower  the  wicket  the  prop  nmst  be  drawn  away 
from  the  hurtor.     Tlii&  id  done  by  means  of  the  trip*bar, 


B 


mg.  SOtL^A*  longftodliiA]  ivctlon  ;  B,  plan  ;  C,  vnti  tI^w  of  hmter  and  i 


;  Afti;i 


which  is  armed  with  catches  for  tin's  piir]K)6c.  Tiio  presRnre 
on  aT»y  one  prop  bein^^  great,  it  requires  a  corresponding 
effort  to  move  it  from  the  htirter.  To  start  all  the  proj:>8  in  a 
dain  at  once  would  reimire  \erj  powerful  machinery,  and, 
fmlhermoi'e,  it  would   be   ill-advised  to  do  so  on   account 


_^q3^^^ 


Fig.  im.^K  rlsn :  B,  RecDon  of  Hp  bur,  frot^lMT  iis4  illl ;  A,  tl1K^balr ;  &  ft,  gvMM?  <(,  t^U^ ; 
it,  ootint«r  c«tob ;  e»  •ill ;  |>,  pri*or»cr. 


of  letting  the  entire  mass  of  water  in  the  pool  rosh  ont  at 
once,  with  tlie  risk  of  dcjing  damage  in  the  pool  below.  To 
obviate  these  difficulties  the  catcheB  are  so  arranged  on  tlie 
triivbar  that  when  the  first  prop  is  removed  from  its  hnrter  the 
second  catch  is  just  heginnmg  to  start  the  second  prop,  and  so 
on  until  six  or  eight  wickets  have  been  let  down.     A  certain 
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part  of  the  water  in  the  pool  having  now  beeti  drawn  ofF,  the 
wiukets  may  be  let  down  by  twos  and  even  by  threes  or  fours 
at  the  end  of  the  nianueuvre.  To  facilitate  the  Btarting  of  the 
props  the  hurters  are  made  with  a  slight  angle  down-stream. 
This  angle  ia  of  3^,  and  is  called  the  escape  an^le.  The 
bottom  of  the  prop-seat  has  a  slope  dov^niward  toward  tlio 
passage,  tins  slope  being  called  tlie  escape  dope.  To  prevent 
the  prop  from  being  displaced  liy  any  accident  the  trip-bar  is 
pmvided  with  counter-catchea  which  are  evctdv  spaced  so  as 
to  be  alongside  of  all  the  piTips  at  once.  I'he  trip-bar  is 
made  to  run  stmight  by  means  of  guides.  These  are  gener- 
ally a  pair  of  L  ii**>»3  placed  near  together  and  parallel,  the 
ends  having  a  slight  flare.  On  the  bottom  of  the  trip- bar  ia 
a  projecting  stnd  that  moves  between  the  guides  and  is  called 
the  prisoner.    For  gi'eater  ease  in  moving  it  to  and  fro  the 
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Fig.  SffT. — A,  tido  tIcw,  itnd  B,  plan  of  roller  and 


B 


trip-bar  rests  on  rollers  placed  enffidiently  near  together  to 
prevent  sagging.  Motion  is  communicated  to  the  trip-bar  by 
means  of  a  capstan  designed  for  this  purjx)6e.  At  the  end  of 
the  trip-bar  in  the  pier  or  abutment  is  a  rack,  into  which  is 
geared  a  pinion  attached  to  the  bottom  of  a  shaft,  which 
reaches  to  the  top  of  tlie  pier.  By  making  this  shaft  revolve 
in  one  way  the  bar  is  run  out^  and  in  the  other  way  it  is  run 
in.  An  it>dicator  shows  the  position  of  the  trijvbar.  It 
should  always  be  kept  well  rnn  in,  so  as  to  avoid  accidents, 
and  only  moved  out  when  it  is  desired  to  throw  down  en- 
tirely some  of  the  wickets.  Strong  hooks  projectbig  over  the 
bar  are  fastened  to  its  sill  to  prevent  it  from  being  thrown 
upward  and  displaced.  The  slide  has  a  curved  guard  at  its 
side  so  constructed  as  to  cause  the  axis  of  the  prop,  whcm 
down,  to  come  in  line  with  tlie  middle  of  the  wicket.  In  the 
bottom  of  the  slide  is  a  groove,  so  that  when  raising  a  wicket 
the  end  of  the  prop  will  travel  in  the  right  path,  until  it 
drops  against  the  barter. 
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860,  The  wicket  is  raised  by  caiching  the  bail  at  the  bot- 
tom with  a  long-handled  hnok  to  wliich  a  rope  or  chain  is 
attacheJ.  The  line  is  piille*!  iJi  i»y  means  uf  a  windlass 
moiiiitet!  either  on  a  servitui  liridge  just  above  the  wit^kets,  or 
el&e  on  a  boat  designed  iur  this  service.  As  the  line  is  drawn 
in,  the  end  of  the  breech  ia  raisecl  tirst,  tlius  presenting  the 
smallest  surface  of  the  panel  to  the  current;  afterwai-d  the 
entire  wicket  is  dmwn  forward  until  the  prop  drops  into  its 
seat  at  the  front  of  the  hurter.  In  order  not  to  increase  the 
resistance  of  the  current  too  lunch  at  the  end  of  the  tnanam- 
vre,  the  wickets,  as  they  are  drawn  up,  are  generally  left 
swnng.  After  they  are  all  hruii*i;ht  to  this  position  the 
breeches  are  puslied  down  until  the  current  strikes  thenij 
after  which  they  are  geritly  lowered  to  place.  This  nninceuvre 
can  only  be  perfornied  with  tiie  bridge.  WJien  the  boat  is 
used  the  wickets  have  to  set  np  as  64>on  as  they  are  raised.  To 
assist  the  panel  in  corning  to  its  upright  position,  a  cast-iron 
counterpoise  is  attached  to  the  breecli. 

881,  In  some  case^  wickets  have  been  built  with  the  axis  of 
oscillation  very  nearly  at  the  centre  of  pressure  of  the  water, 
the  object  t)f  this  arrangement  being  to  allow  the  panel  to  I>e 
swung  hy  the  pressure  of  the  water  rising  more  than  a  certain 
permitted  height  above  the  normal  level  of  the  pool.  This 
plan  worked  successfidty  so  far  as  opening  the  wickets  was 
concerned,  but  wlien  the  water  returned  to  the  normal  level 
the  panels  did  not  retake  their  position  as  it  wjis  expected 
they  would.  Many  means  for  overconiing  this  difficultv  have 
been  devised,  but  none  have  proved  satisfactory.  It  is  now 
admitted  that  self-regulating  wickets  for  the  weirs  do  not 
work,  and  the  latest  practice  is  to  Imild  a  light  service  bridge 
above  them  and  matheuvre  them  Ijy  means  of  two  cluiins  ex- 
tending from  the  firidge  to  the  t*>p  and  liottom  of  the  panel. 
By  means  of  these  chains  the  desired  amount  of  swing  can  be 
given. 

862.  The  tri|>bar  is  the  weakest  feature  of  the  Chauoine 
dam.  The  machinery  to  move  it  is  more  or  less  complicated, 
it  is  liable  to  get  out  of  order,  and  if,  for  any  refison,  one 
wicket  should  refuse  to  go  down,  the  movement  of  the  bar  is 
stopped  and  the  rest  of  the  dam  has  to  remain  standing.  By 
an  arrangement  of  the  Imrter  lately  made  the  tripdmr  is  done 
away  with  altogether.  The  hnrter  has  two  steps,  the  higher, 
which  is  the  prop-seat,  is  made  with  a  sort  of  pocket  for  tlie 
enfl  (jf  the  prop  to  rest  in,  the  lower  has  its  down-sti*eain  face 
vertical  and  iiiaking  a  very  acute  angle  with  the  axis  of  the 
passage.  The  wicket  is  raised  as  in  the  ordinary  system.   Ti^_ 
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bi-eecli-chain  is  pnlled  in  until  the  prop  falls  into  its  seat 
Warning  is  sivcn  of  its  having  reached  its  place  either  by  the 
noise  of  its  (fropping  inti»  thtj  upper  step  or  by  the  arrival  of  a 
marked  lirjk  at  liie  vviudla^a.  The  panel  is  righted  by  letting 
out  the  breech-chain  slowly  nniil  the  sill  18  tonchcd.  To 
lower  the  wieket  it  k  first  brought  to  tlie  swing  by  raising 
the  breech.     The  motion  is  contiuned  until  Uie  head  of  the 
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Fig.  fi<)9.— A<  luniHturllnnl  P«<«Uon:  n,  r>raii  of  PikHnti««ti*«  AoahU  mted  hnrtvr  Rodstld*; 
a,  prop  mmi ;  6,  i;>ttiMN(<» ;  c,  j^ruovc ;  hikt^  harua ;  tmnJtf  altdBir 

horse  is  pnlled  np-streain,  dragging  with  it  the  prop,  "which 
then  falls  down  the  second  step  and  is  thna  left  without  sup- 
port. The  inclined  face  of  this  second  step  directs  tlje  j>rop 
toward  the  passage  of  the  hnrter.  The  weight  of  the  system 
carries  it  down,  and  the  chain  being  jtaid  ont,  slowly  prevents 
it  from  faUing  to  the  bottom  w'ith  a  shock.  By  means  of 
tills  device  each  wicket  is  entirely  isolated  and  indejvendent. 
One  of  them  faiUng  to  act  will  lujt  cause  any  interference 
with  the  other,  and^  even  in  the  event  of  any  dllhculty,  the 
absence  of  counter-catclies  makes  it  easy  To  knock  down  a 
prop  from  a  skiff  below  the  dam.  A  fnrther  advantage  19 
that  the  navigable  pass  can  be  made  of  any  width  desired, 
which  w^as  Tiot  the  case  with  the  old  trip-bar,  Vjecaiise  thei^ 
the  width  of  the  pass  could  not  exceed  twice  the  length  of  a 
bar,  one  being  manunivred  at  each  end. 

863.  Boul6  Dam, — If  an  ordinary  Poirt^e  dam  be  stripped 
of  its  needles,  and  in  their  place  there  be  used  sliding  gates 
made  of  a  certain  number  of  planks  laid  horizontally  and 
lirmly  fastened  together,  these  gates  being  slightly  shorter 
than  the  distance  Ijetween  the  axles  of  the  trestles,  and  hav- 
ing eacli  end  resting  on  a  trestle,  we  shall  have  the  Bonld 
dam* 
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Fig.  S70.— Section  of  Bonl6  dam,  showing  manner  of  raising 
connecting  bars  of  the  ' 


a  gate.    The  derrick  mns  on  the 
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The  gates  are  made  of  four  or  five  planks  laid  side  by  side. 
The  thickness  of  the  planks  must  Ijq  prupurtionate  to  the  dis- 
tatice  of  the  trestles  apart  and  to  the liead  of  water.  T-irons 
are  bolted  to  the  back  of  the  eate.  They  answer  a  double 
purpose;  let,  they  keep  the  planks  from  sepamtitig  and 
strengthen  them ;  2d,  they  are  guides  to  prevent  the  gates 
moving  sideways  and  being  displaced.  A  better  arrange- 
ment 18  to  place  ribs  on  the  trestles  to  act  as  gnitles.  At  the 
top  of  the  gate  a  countei^unk  handle  is  attached. 

864.  The  niancBuvres  are  two :  Ist,  to  set  the  gates  in  place  ; 
3d,  to  remove  them.    The  manoauvring  apparatus  is  a  Bmalt 
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fig,  9781— A,  bont  i^em;  B.  b*elc  view:  a  r^«i  «f  BoalA  gvAsi:  a,  a,  bMidle ;  c,  e,  T  Iri« 
B^ea :  d,  d,  mp  of  truKle ;  «,  OQOllVMtllC  twr,  m 


derrick  that  runs  on  the  track  formed  by  the  connecting  baf# 
of  the  trestles.  To  the  side  of  this  derrick  is  attached  a  littlo 
crane  as  an  auxiliary. 

The  dam  being  wholly  open  it  is  desired  to  close  it. 
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trestles  are  raised  exactly  as  in  the  Poir^e  dam.  The  derrick 
ia  run  out  on  the  track,  followed  hj  a  tnick  carrving  three  or 
four  gates.  Tlie  erauo  picks  up  a  gate  from  tlie  trunk  and 
swings  it  around  ao  that  tlie  chain  of  tlie  main  derrick  cau 
take  U,  The  gate  is  lowered  into  place  between  two  ti*e8tl«je, 
the  T-iron  guides  keeping  it  in  position.  The  derrick  is 
then  pushed  on  to  the  next  epaco  and  another  gate  is  low- 
ered, and  so  on  till  a  single  row  ha^  hecn  laid  all  across  tho 
dam.  The  second  row  is  then  laid  in  the  same  way  aa  the 
fii*st,  and  so  on  for  the  third,  fourth,  or  any  other  mw. 

To  dismautle  the  dam  tlie  operations  are  performed  in  re* 
vej'se  order.  Tlie  top  row  of  gates  is  removed,  then  tiie  next 
below,  and  »o  on  down. 

865.  Bear  Trap  Gate. — This  style  of  dam  is  formed  of  two 

Slane  gates  having  their  axes  of  revolution  in  the  floor  of  the 
am.     One  of  them  is  arranged  to  fall  up-streani  and  the 
other  downstream*     Tlie  one  that  falls  down-stream  has  its 


Wig,  S73.— Becticm  of  bf>nr-tmp  gntc  mlaed.  A,  lover  fcste;  B,  rxppm  ^t«;  C.  enfeftfwi  1 
w»t«r  rmm  imiwkbo  In  piisr ;  D,  mixllhir;  gmio ;  B,  tri^Eger ;  B  M,  MKgei-  rod  ;  F,  ^,  SSidM 
agiM ;  H  I  K  L,  pier. 


axis  on  the  up-stream  side,  the  one  that  falls  np-s^treain  has 
its  axia  on  tlie  down-stream  side.  The  gate  falling  down- 
stream is  failed  the  upper  gate,  the  other  is  called  the  lower 
gate.  When  the  daui  is  down  the  upper  gate  prc»jects  over 
the  lower.  Near  the  top  of  the  ujiper  gate  a  har  of  wood  ia 
fastened  to  the  pier  as  a  stop  to  the  movement  of  the  lower 
gate.  Under  the  gates  a  charnher  is  made  in  the  fltw^r  of  the 
dam  into  wliich  water  may  be  introduced  from  the  upper 
pool  by  a  lateral  conduit    Above  the  upper  gate  an  auxil- 
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iary  gate  is  eomctiines  placed  in  oixier  to  form  a  tetn|x'>rary 
heftd  of  water.  In  the  pier  of  the  dam  is  a  j)assage-way  for 
water.  This  passage  runs  from  the  npper  to  the  lower  pool, 
with  an  entrance  at  its  side  to  the  chamher  under  tlic  gates. 
A  valve  is  placed  at  eaL4i  end  of  the  passaj^e,  and  c^onnnu- 
nication  can  thus  be  made  between  the  chamher  and  either 
the  nppcr  or  lower  ix>ol. 

866.  Suppose  the  dam  to  be  down  and  it  be  required  to 
raise  it.  The  valvea  in  the  pier  are  thus  arranged  :  the  one 
leading  from  the  upper  pool  isopeneil  and  theotlieria  closed. 
Communication  is  thus  made  between  the  npper  pool  and  the 
chamber.  If  an  auxiliary  i^ate  is  used  it  is  tlien  released  by 
raising  the  trigger  that  holils  it  down.  This  gate  is  hinged 
on  t!xe  down-stream  bide ;  its  buoyancy  causes  it  to  rise  to  a 


trap  gntti  down.     A,  lower  ^f" 
I  pier;  D,  ftoxiUaJir  8»t« ;  B,  In 
pi«r. 
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certain  degree  and  the  current  then  strikes  it  on  tfie  under 
side  and  raises  it  to  a  vertical  position  ;  it  thus  forms  a  tem- 
poriiry  dam.  The  water  rising  in  the  upper  jhk»1  exerts  a 
pressure  <m  the  under  sicle  of  the  lower  gate  and  pradnally 
raises  it.  This  gate,  itj  rising,  forces  up  the  other.  When  tlie 
lower  gate  reaches  tlic  stop  p|j*<^ed  on  the  under  side  of  the 
upper  the  motion  ceases.  The  gates  remain  up  so  long  as 
the  com mn nication  is  kept  np  between  the  upper  pool  and 
the  chamben  When  the  gates  are  up  the  auxiliary  gate  is 
returned  to  iU  place  and  confined. 

When  the  dara  is  to  be  lowered  the  position  of  the  valves 
is  reversed,  the  chamber  is  cut  oS  from  the  upper  pool  and 
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communication  establislied  with  the  lower.  The  water  in  tlie 
chamber  runs  out  into  the  lower  pool  and  the  gates  fall  under 
their  own  wel^Hit  and  tliat  of  the  water  resting  on  them. 

867.  Desfont lines  Dam.— This  dam  is  composed  of  a 
jumd>cr  of  independent  seetions,  each  turninp^on  a  horizontal 
axia  plueed  at  its  middle.  The  tipper  half  is  the  wicket 
proper;  its  fuuctiou  is  tu  form  tlie  pi*ul  j  tlie  lower  half  is 
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Fig.  $7S. -4l4«ot1on  of  D<vifnntftlm'«  tUm.  A*  wlekf^t,  %n6  B,  oftfintKP-wl^'lret,  wb«i  Amm  to 
mijMMl;  E,  I'tnptjing^  o|.rnlntf  In  dSaphnytni ;  F,  fllllng  opening  In  flt«priimfiii ;  0»  H, 
flovisrliig  pUUst  I  S,  flill ;  A',  h\  ponltloQ  of  wiakft  iin4  fxHttitcr-iricltet  wti«a  dofvn. 


called  the  eomiter-wicl'et^  and  it«  fnnction  is  merely  to  move 
tlio  wicket.  These  section  a  are  ahoiit  five  feet  lonp,  and 
wheTi  in  position  are  so  set  that  their  axes  of  revolution  am 
in  the  same  straight  line.  The  conntor-wickets  are  set  in  a 
masonry  cavity  that  runs  the  entire  lengtli  of  the  dam.    Thia 
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cavity  18  a  quarter  of  a  horizontal  cylinder,  the  axi6  of  wliicli 
comcides  %vitli  that  of  the  wickets.  The  plane  sides  of  thb 
quarter  cvliudor  do  uot  pass  exactly  through  its  axis;  the 
hori^oatal  one  is  raised  up  alittleaud  the  vertical  one  moved 
a  little  dovvn-stream,  so  that  each  one  leaves  a  vacant  epace 
between  it  and  the  counter-wicket  when  the  latter  is  in  ita 
extreme  positions.  The  counter-wicket  is  also  somewliat 
bent,  so  that  the  horizontal  aide  of  the  quarter  cylinder  need 
not  be  raised  too  high,  and  thus  cover  a  part  of  the  wicket. 
Finally  the  cavity  is  divided  into  as  many  sections  as  tliere 
are  wickets ;  these  sections,  called  drums,  are  geparated  by 
cast-iron  diaphragms,  on  each  side  of  which  is  a  rih  of  the 
same  shape  a^  the  counter- wicket.  In  each  diaphragm  are 
two  openings  cormsponding  to  the  vacant  spaces  above 
mentioned,  Wlien  the  dam  is  chased  the  counter- wicket 
rests  against  a  sill  at  the  bottom  of  the  drum,  against  the 
rib  of  the  dia|>hragm  ou  either  side,  and  against  a  rib  on  the 
cast-iron  tube  that  encloses  the  axle  of  the  wicket. 

At  each  end  of  the  dam  is  an  abutment  or  a  pier.  As  the 
armngements  for  admitting  the  water  to  manceuvre  the  dam 
are  the  same  in  either  case,  those  of  the  pier  alone  will  be 
describe<L 

808.  The  pier  extends  beyond  the  fl<x>r  of  the  thim  both 
up-  and  down-stream.     In  each  end  is  a  vertical  well,  one 
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Fig.  970.— SmHon  of  pier  of  B«ifo«itiilnM  Amm,  with  ih»  Tmlrm  ftma^ged  to  isIm  tlw  dsm. 
U,  npner  pool:  L,  lower  pooJ ;  A  B,  vnivn* ;  C,  top  pu^afre;  D,  botifeom  piwwiift;  S^ 
empi^ruig  opening  In  ^TAphrMm  i  K.  (tiling  opcninir  Iti  diaphragm ;  o  5b  fttJllatlng  bftn 
to  mmkjt  boUt  VAltn  moTft  to  oppocitv  Uiitcttou*  »i  ih»  nmm  tlrat. 
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being  in  comTnunication  with  the  upper  pool  and  the  oil 
witli  the  lower.  The  two  wells  uru  couneetcd  by  a  re 
tangtilar  gallery,  which  is  divided  in  halves  by  tueaiis  of  a 
c&iit-irori  plate  placed  horizonrally  in  the  gallery.  At  each 
end  of  the  gallery  is  a  valve,  just  largo  enough  to  cover  either 
half,  and  so  an'anged  that  the  iip-btream  end  of  one  pn 
sage  and  the  down-etreain  end  oi  the  other  ehall  lie  open 
or  closed  at  tlie  gamo  time.  The  upper  j^apmge  leads  to  the 
openings  o!i  the  up-stream  eide  of  the  cnunter-wicketB,  and 
the  lower  passage  to  the  openino^  in  the  down-fitreani  side. 
A  balance  beam  on  top  of  the  pier  gives  the  motion  to  the 
valves. 

869.  If  it  be  desired  to  close  the  dato,  the  operation  is  tlius 
performed.  The  valves  are  &o  arranged  tliat  the  up-stream 
end  of  the  upper  passage  and  the  down-etitraiu  end  of  tJie 


Fig.  *77-— ArmiifeincDt  of  i)de  of  ooitotier'Wlck«t. 
A.  dlAphraiitn  wtth  rib;  B.  fiu»  ot  ouuoter 
wiokei ;  C^  lodU-mbLMir  backij^f. 


lower  shall  he  open.  Tins  puts  the  upper  passage  in  connec- 
tion with  the  np]>er  p<m4  and  the  lower  witli  tlie  lower  pooh 
The  \Vi%tQV  from  the  npper  i«k>I  entei-s  the  nearest  drum,  and 
pressing  on  the  counter- wicket  gradually  forces  it  down  and 
thus  raises  the  wicket.  Passing  in  this  way  from  drum  to 
drum  the  wickets  arc  raised. 

^Vlien  tfic  darn  U  raised  the  leakage  is  reduced  to  a  mini- 
mum by  having  Iitdia-rublier  strips  on  all  of  the  edges  of  the 
cnunter-wicket,  and  this  rubber  being  jamn»e<l  against  the  sill 
and  the  ribs  by  the  pressure  of  the  water  in  front,  prevents 


EITEBS. 


529 


any  great  amount  of  water  from  paaaiiig.  The  space  behind 
the  couiiter-wiuket  being  in  cuniininiic-ation  with  the  lower 
pool  prevents  the  water  that  leaks  through  from  rising  above 
this  level 

To  lijwer  the  dam  the  position  of  the  valves  is  revei-eed 
The  pressure  of  the  upper  pool  is  now  brought  to  bear  against 


Pig.  278.— AiTftngwneiit  of  twitom  of  ooouter-wicket.    A,  ■ni;  Bt  ooimt«^vrfok*t ;  O,  IikdW 
rtibber  bucking. 


the  baek  of  the  couiitcr-wictet,  which,  therefore,  is  forced 
upward  at  the  mum  time  that  the  wicket  proper  is  forced 
down  by  the  direct  pressure  of  the  water  in  the  upper  pool. 

870,  In  case  that  sand  or  gravel,  or  anything  of  that  st:)rt, 
should  find  its  way  into  the  drums,  the  latter  are  easily  washed 
out  by  opening  the  up-stream  side  of  the  drinns  at  one  end  of 
the  dam  into  the  upper  pool,  and  at  the  other  mto  the  lower. 
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This  will  caiiBe  the  water  to  rush  violently  through  and  re- 
move all  rubbish. 

871.  Girard  Dam. — This  dam  is  coinpoBed  of  a  series  of 
ehutters  or  gates,  movable  about  their  lx)ttoin  edge,  and 
actuated  by  means  of  lar^  hydraulic  jacks.  Each  shatter 
hajB  its  own  jack  and  ifl  therefore  iiidopendent  of  tlie  rest.  To 
each  jack  u  couuected  a  pipe  through  which  water  may  be 
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lig.  Sf79.— Section  of  Glrati)  dam.    X,  ihnttcr-ao;  A',  lihatter^own  ;  B,  hTdrmoIio  jmA;  C^'' 
pUtou  :  T>,  lug  on  «ide  by  which  it  m  f&j^tenodl  to  matociry  by  rod  E;  F«  coDneoaiiir  n>d; 
a,  trough  to  rooeivtt  pipe»  b,  tbrough  which  WBter  U  mat  to  the  JRcki. 

foixjod  from  a  pnmp.    The  water  may  be  forced   directly 

from  the  pump  into  tlio  pipe,  or  it  may  he  sent  tlirough  an  air- 
chamber^  called  the  accumulator,  the  latter  being  tlie  itioda 
generally  used.     Each  pipe  has  in  the  pump-house  a  three- 
way  cocfv,  8o  that  the  water  may  enter  the  jacks  either  dii-ectly 
from  the  pump  or  after  finst  passing  through  the  accumulator; 
or  else  it  can  be  discharged  and  the  jack  emptied.     The  jaelti 
is  placed  on  the  down-stream  side  of  the  Bhiitters,  and  foroea" 
them  up  against  tho  current.     When  the  dam  is  up  it  is  only 
necessary  to  shut  the  water  ofiE  in  the  pipe  in  order  to  hold  it 
in  place.     If  the  cock  be  turned  to  let  the  water  escano,  th6 
ehutter  will  be  forced  down  by  the  pressure  of  the  pool.     By  ^ 
a  proper  arrangement  of  the  cocks  we  may  have  any  tnoCioa 
of  the  shutters  that  we  choose.     One  may  go  up  ancf  anothoi 
come  down,  wliile  a  third  ifl  standing  all  the  way  up  and 
fourth  is  held  in  any  intermediate  position^ 
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872.  The  six  ^sterns  just  given  are  those  best  known. 
Others  have  been  proposed,  but  they  have  not  been  adopted 
in  aetiial  construction.  OJf  these  latter  we  have  the  Krautz, 
the  Cuvinot,  and  the  Carro. 

873.  The  Krautz  system  consists  of  a  sheet-iron  ponton 
hiuged  at  its  upper  down-stream  corner,  and  movtM  by  letting 
water  into  a  chamber  underneath  it  to  raise  it,  and  letting  the 
water  out  to  lower  it.  To  the  upper  np-stroam  corner  ui  the 
pontou  is  fastened  a  panel  similar  to  that  in  the  Chanoine 
system,  Tliis  panel,  when  the  dam  is  down,  lies  on  top  of 
the  ix>nton,  and  when  the  dam  is  up  it  is  held  by  the  ponton 
in  a  position  similar  to  the  one  it  has  in  the  Chanoine  dam. 

874.  The  Ciivitwt  system  is  a  modifieatioti  of  the  Desfon- 
taines.  The  wicket  and  connter-wicket  are  independent,  and 
revoh^e  on  separate  axes.  The  axis  of  the  counter- wicket  co- 
incides with  tliat  of  the  cavity.  The  axis  of  the  wicket  18 
placed  ni>8tream  from,  and  a  little  higher  than  that  of  the 
counter  wicket.  The  arms  of  ttie  counter-wicket,  when  pro- 
longed l>eyond  the  axis,  are  bent  down'Stream,  so  that  the  two 
parts  of  the  arms  make  an  an^le  of  ir>0  degi'ees  with  each 
other.  These  arms  have  mllers  at  the  end,  and,  as  the  coun- 
ter-wicket revolves,  raise  up  the  wicket  which  rests  upon 
thein. 

875.  The  Carro  system  is  a  modification  of  the  bear-trap. 
In  it  the  two  gates  are  liingod  together  at  the  top,  the  bottoms 
of  both  gates  sliding  along  the  floor.  The  lower  gate  ia  held 
down  by  links. 

876.  The  Cam^re  system  is  one  of  very  recent  date ;  it  has 
been  adopted  and  is  Ui  be  used  in  one  of  the  dams  now  build- 
ing  in  France,  It  consists  of  a  number  of  narrow  slips  of 
wood  joined  together  by  articulations  in  such  a  way  that  they 
may  be  rolled  up  into  a  bundle.  The  Imndle,  \vhen  unrollea 
and  hung  up  by  one  end,  forms  a  curtain,  the  sides  of  wdncli, 
when  in  place,  rest  against  uprights  suspended  from  an  over- 
head bridge.  The  curtain  is  ix)lled  up,  like  an  awning,  by 
means  of  a  Hue  on  each  side.  The  cuilains  may  also  be 
used  in  connection  with  the  Poii*ee  trestles,  tlie  latter  taking 
the  place  of  the  suspended  uprights.  This  system  has  not 
yet  been  tested  on  a  large  scale.  The  inventor  claims, 
however,  that  it  is  especially  valuable  for  great  depths  and 
lifts. 

877.  In  the  United  States  some  efforts  have  been  made  to- 
wards the  invention  of  movable  dams,  but  none  have  yet  been 
built  for  use  on  any  but  a  small  scale.    They  have  not  served 
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Ul,  ii  bM  MP  pnel ;  3d,  llie  pontoo  is  hingect  nt  tite  upf^er 
ii[>-elre«n  earner,  and  iiaelf  form  the  dam* 

8ia  Tbese  Tarioiu  forma  of  dam  leod  tbaiKMlTea  bettv  to 
iOfiie  pfirpuiea  than  to  olbeiiu  The  Po<ir4^  Cham^tne.  and 
BooU  ijBtefoa  are  well  adapted  to  lerrice  in  etcher  the  nari- 
gabte  paia  or  the  wdn.  The  DeafoctCainea  and  GLmid  sra- 
temi^  on  account  of  tlieir  high  maaoiify  floora,  are  applicable 
otilr  to  wein.  The  liear-crap  ta  onlj  good  for  imall  widihay 
ana  arithlo  limit*  of  thirtr  five  to  fortj  feet  it  maj  vork  well 
for  either  peat  or  •mall  lifta, 

878.  Wriisti  the  ob^tmction  in  a  ri^er  canoot  be  orereome 
hj  mny  of  tlie  preceding  meant,  ai,  for  ejuunple,  in  those  coo* 
aiderai>Ie  descenu  in  the  bed  ktioirii  at  rapidg^  where  the 
water  ae/|uirea  a  velocity  so  greal  that  a  boat  ean  neither 
aioetu]  nor  deiM-eruJ  with  nafetj,  reaort  mnat  be  had  to  a  caital 
for  the  \ntriHmii  of  uuttiDg  ita  mtvigable  parts  abore  and 
below  the  oUtroction. 

Tlie  general  direction  of  the  canal  will  be  i^»ara1Iel  to  the 
bed  of  the  river.  I«  mmie  i^n»m  it  maj  occnpj  a  [»art  ut  the 
bed  by  fonnin;<  a  dike  in  the  bed  parallel  to 'tlie  bank,  and 
fliifllciently  far  from  it  to  give  the  nqtitritc  width  to  the  caitaL 
Whatever  jjo»*itioti  the  C4itml  may  occ!iip}%  even-  precaiitioii 
uliould  l>e  rakeii  U*  m^curt*  it  fnmi  damage  bv  fres^hctn. 

880.  A  IfHsk  will  iiiually  be  iiect^fitary  at  eatJj  extremity  of 
the  eanal  where  it  joins  the  river.  Tlie  |»c«ttion«  for  the  ex- 
treme luckji  should  be  carefully  clujeen,  k>  ilml  the  bonrg  can 
at  all  tirnen  enter  tliein  with  ea^e  atid  safety.  The  loeka 
ahrnild  \*<i  iiocured  by  guard  gates  and  other  suirable  meana 
ffOTii  froaheti*;  and  if  thcv  arc  hable  to  l>e  oUtructed  by  de- 

I;KJiit«,  arrarij^oments  should  lie  made  for  their  removal  either 
/y  A  etiAse  of  water  or  by  machinery. 

If  the  river  should  not  present  a  inefficient  depth  of  water 
at  all  sca^orm  for  entering  the  canal  fn*m  it,  a  dam  will  be 
rcfjuirod  at  some  point  near  tiie  luck  to  obtain  the  requisite 
dcutli. 

it  may  be  adviHablo  in  some  eases,  in&tead  of  placing  the 
extreme  lock»  at  the  4>utlets  of  the  canal  to  tiie  uver.  to  form 
a  eiipHcious  buHin  ut  each  extremity  of  the  canal  l>etween  the 
lock  and  riv<*r»  wliero  the  \ntiki&  can  lie  in  safety.  The  outlets 
from  the  basuis  to  tlie  rivoi-s  may  either  bo  left  open  at  all 
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times,  or  else  gnard  gates  may  be  placed  at  them  to  shut  off 
the  water  during  freshets. 

88L  The  French  have  done  more  for  the  improvement  of 
their  water-ways  than  almost  any  other  people.  All  the  sys- 
tems mentioned  here,  except  the  bear-trap  and  the  Brunot,  are 
of  French  origin.  The  engineering  litei-ature  of  France  con- 
tains a  vast  amount  of  interesting  matter  on  river  improve- 
ments. Much  of  this  is  to  be  found  in  the  Annates  des  Ponts 
et  Chaussees^  in  the  shape  of  various  exhaustive  articles  on 
different  subjects.  The  Cours  de  Navigation  Interieur^  by 
M.  de  Lagren^,  contains  the  best  practice  up  to  the  time  in 
which  it  was  written,  but  since  then  the  subje^-t  of  movable 
dams  especially  has  made  great  strides  in  advp  '^^. 
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882.  The  following  subdivisions  may  be  made  of  the  worki 
belonpiii^  to  tliis  daas  of  improvementfi :  let  Artificial 
RtJiidstL^iidg.  2d.  The  worka  required  for  natural  and  ar- 
tificial IIarhoi-8,  3d-  The  works  for  the  protection  of  the 
seacoast  a^^ainst  the  action  of  the  sea. 

883.  Before  adopting  any  definiti%'e  plan  for  the  improve- 
ment of  the  seacoast  at  any  point,  the  action  of  the  tides, 
current'?,  and  waves  at  that  point  must  be  ascertained. 

884.  Tiie  theory  of  tides  is  well  iinderetood  ;  their  rise  and 
duration,  caused  by  the  attraction  of  the  suu  and  moon,  are 
also  dependent  on  the  strength  and  direction  of  the  wind, 
and  the  confurmation  of  the  shdrc.  Along  our  own  sea- 
board, the  highest  tides  vary  greatly  between  the  meet 
southern  and  northern  parts.  At  Eastpoit,  Me,,  the  highest 
tides,  when  not  affected  by  the  wind,  vary  between  twenty- 
five  and  thirty  feet  above  the  ordinary  low  water.  At  Bos- 
ton they  rise  from  eleven  to  twelve  feet  above  the  same 
point,  under  similar  circumstances;  and  fn>ra  New  York, 
following  t)ie  line  of  the  seaboard  to  Florida,  they  seldom 
rise  above  five  feet. 

885.  Currents  are  principally  caused  by  the  tides,  assisted, 
in  some  cases,  by  the  wind.  The  theory  of  their  action  ia 
simple.  From  the  main  current,  which  sweeps  aloni^  the 
coast,  secondary  currents  proceed  into  the  bai/8^  or  intlenta- 
tions,  in  a  line  more  or  less  direct,  until  they  strike  some 
point  of  the  shore,  from  which  they  are  deflected,  and  fre- 
quently separate  into  several  others,  the  main  branch  follow- 
ing the  general  direction  w^hich  it  had  when  it  struck  the 
shore,  and  the  others  not  unfreqnently  taking  an  opposite 
direction,  forming  what  are  termed  munter  currents,  and,  at 
points  where  the  opposite  currents  meet,  that  rotary  motion 
of  the  water  known  as  wkirlpooh.  The  action  of  current* 
on  the  coast  is  to  wear  it  away  at  those  points  against  which 
they  directly  impinge,  and  to  transport  the  debris  to  other 
points,  thus  forming,  and  sometimes  removing,  natural  ob- 
structions to  navigation.  These  continual  changes,  caused 
by  currents,  make  it  extremely  diflinilt  to  foresee  their  effecta^ 
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and  to  foretell  the  consequences  which  will  arise  from  any 
change  iu  the  direction,  or  the  intensity  of  a  current,  occa- 
sioned by  artificial  obstacle 

886.  A  good  theory  of  waves,  whicJi  shall  satisfactorily 
explain  all  their  phenomena,  is  still  a  desideratum  in  scienoe. 
It  is  known  that  they  are  produced  by  winds  acting  on  the 
surface  of  the  sea;  but  how  far  this  action  extends  below 
the  surface  and  what  are  its  effects  at  various  depths,  are 
questians  that  remain  to  be  answered.  The  racist  commonly 
received  theory  is,  that  a  wave  is  a  simple  oscillation  of  the 
water,  in  which  each  particle  rises  and  falls,  in  a  vertical 
line,  a  certain  distance  during  each  oseillation,  without  re- 
cei^^ng  any  motion  of  translation  m  a  horizontal  direction. 
It  has  been  objected  to  this  theory  that  it  fails  to  explain 
many  phenomena  observed  in  connection  with  waves. 

In  a  recent  French  work  on  this  subject,  its  author,  Colonel 
Emy,  an  engineer  of  high  standing,  combats  the  received 
theory;  and  ctmtends  that  the  particles  of  water  receive  alao 
a  motion  of  translation  horizontally,  which,  with  that  of  as- 
cension, causes  the  particles  to  assume  an  orbicular  motion, 
each  particle  describing  an  orbit,  which  he  supposes  to  be 
elliptieah  He  farther  contends,  that  in  this  manner  the  par- 
ticles at  the  surface  communicate  their  motion  to  those  just 
below  them,  and  these  again  to  the  next,  and  so  on  down- 
ward, the  intensity  decreasing  from  the  surface,  without, 
however,  becoming  insensible  at  even  very  considerable 
depths ;  and  that,  in  this  way,  owing  to  the  reaction  from 
the  Iwttom,  an  immense  vohime  of  water  is  propelled  along 
the  bottom  itself,  with  a  motion  of  translation  so  pciwerful  as 
to  overthrow  obstacles  of  tlie  greatest  strength  if  directly 
opposed  to  it.  From  this  he  argues  that  walls  built  to  resist 
the  shock  of  the  waves  shoiild  receive  a  very  great  batir  at 
the  base,  and  that  this  batir  should  be  gradually  decreased 
upward,  until,  towards  tlie  top,  the  wall  should  project  over, 
thus  presenting  a  concave  eiu-face  at  top  to  tlirow  the  Mater 
back.  Bv  adopting  this  form,  he  contends  that  tlie  mass  of 
water,  which  is  rolled  forwai*d,  as  it  wei'e,  on  the  bottom, 
when  it  strikes  the  face  of  the  wall,  will  ascend  along  it,  and 
thus  gradually  lose  its  momentum.  These  views  of  Colonel 
Eray  liave  been  attacked  by  other  engineers,  who  have  had 
opportunities  to  observe  the  same  phenomena,  on  the  ground 
that  they  are  not  supported  by  facts ;  and  the  question  still 
remains  undecided,  it  is  certain,  from  experiments  made 
by  the  author  quoted  upon  walls  of  the  form  here  described, 
tliat  they  seem  to  answer  fully  their  intended  purpose. 
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887.  Roadsteads.  The  term  roadstend  is  applfed  to  rij 
iTidetjtatinii  of  the  coast,  where  vcsscIb  may  ride  secnrely  at 
anchor  under  hW  circumstances  (^f^weAther.  If  the  indentji- 
tion  is  covered  hv  natural  projetttions  of  the  land,  or  atf^eK 
from  tlie  act  it  m  of  the  winds  and  waves,  it  is  said  to  he  larul- 
locked  ;  in  the  contrary  case,  it  is  termed  an  (^en  roadstead* 

The  anchorage  of  open  roadsteads  is  often  insecure,  owing 
to  violent  winds  setting  into  thera  from  the  sea,  and  occasion- 
ing high  waves,  whicli  are  very  stmining  to  the  moorings. 
Tlie  remedy  applied  in  this  case  is  to  place  an  obstruction 
near  the  entrance  of  the  ixiadstead,  to  break  the  force  of  tlie 
waves  from  the  sea,  Theee  ohstnictioiiB,  termed  hreakwat^TB^ 
are  artificial  islands  of  greater  or  less  extent,  and  of  variable 
form,  according  to  the  nature  of  the  case,  made  by  throwing 
heavy  hlocks  of  stone  into  tlie  sea,  and  allowing  them  to  take 
their  own  bed. 

The  first  great  work  of  this  kind  undertaken  in  modern 
times,  was  the  one  at  Cherljourg  in  France,  to  cover  the  road- 
stead in  front  of  that  town.  After  some  trials  to  break  tlie 
eflEects  of  the  waves  on  the  madstead  by  placing  large  conical- 
ehaped  structures  of  timber  tilled  with  stones  across  it,  which 
resulted  in  failure,  as  these  vessels  wei^e  completely  destroyed 
by  subsequent  storms,  the  plan  was  adopted  of  forming  a 
bi*eak water  by  throwing  in  hK>8e  blocks  of  stone,  and  allow- 
ing the  mass  to  assume  the  form  produced  by  the  action  of 
the  waves  upon  its  surface.  The  subsoipient  experience  of 
many  yeaj-a,  during  which  this  work  has  been  exposed  to  the 
most  violent  tempests,  has  shown  that  the  action  of  the  sea 
on  the  exposed  surface  is  not  very  sensible  at  this  locality  at 
a  depth  of  aiiout  20  feet  below  the  w^ater  4evel  of  tlie  lowest 
tides,  as  the  hlot^ks  of  stoiae  forming  this  i>art  of  the  break* 
water,  some  of  which  do  not  average  over  40  lbs.  in  weight, 
have  not  been  displaced  from  the  slope  the  mass  tii^st  as- 
sumed, which  was  somewhat  less  than  one  peipendicnlar  to 
one  base.  From  this  point  upwards,  and  partienlai'v  be- 
tween the  levels  of  high  and  low  water,  the  action  of  the 
waves  has  been  very  powerful  at  times,  during  violent  gales, 
displacing  blocks  ut  several  tons  weight,  throwing  them  over 
the  top  of  t!ie  breakwater  upon  the  slope  towards  the  shore. 
Wlierever  this  part  of  the  surface  has  been  exptjsed  the 
blocks  of  stone  have  been  gradually  woni  down  bv  the  action 
of  the  waves,  and  the  slope  has  become  lea8  ana  less  steep, 
from  year  to  year,  until  finally  the  surface  aasnmed  a  slightly 
ciuicaVe  slope*  which,  at  some  jx>int8,  was  as  great  as  ten 
bftM  to  ore  perpendicular. 
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The  experience  acquired  at  this  work  has  conclusively 

sliown  that  breakwaters,  formed  of  the  heaviest  blocks  of 
looBe  stone,  are  always  liable  to  damage  in  heavy  gales  when 
the  sea  breaks  over  thern,  and  that  the  only  means  of  secur- 
ing them  is  by  covering  the  exposed  surface  witli  a  facing  of 
heavy  blocks  of  hammered  stone  carefully  set  in  hydraulic 
cement* 

As  the  Cherbourg  breakwater  is  intended  also  as  a  military 
constmction,  for  the  protection  of  tlie  roadstead  against  an 
enemy's  fleet,  the  cross  section  sho^^Ti  (in  Fig,  248)  has  been 
adopted  for  it.  Profiting  by  the  experience  of  many  years' 
obserYation,  it  was  decided  to  construct  the  work  that  forms 
the  cannon  battery  of  solid  masonry  laid  on  a  thick  and  broad 
bed  of  beton.  The  top  surface  of  the  breakwater  is  covered 
with  heavy  loose  blocks  of  stone,  and  the  foot  of  the  wall  on 
the  face  is  protected  by  large  blocks  of  artificial  stone  formed 
of  beton.  The  top  ot  the  battery  is  about  12  feet  above  tlie 
highest  water  level. 
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Tlie  next  work  of  the  kind  was  bnilt  to  cover  the  roadstead 
of  Plymouth  in  England.  Its  cross  section  was,  at  firstj  made 
with  an  interior  slope  of  one  and  a  half  base  to  one  perpen 
dicular,  and  an  exterior  slope  of  only  three  base  to  one  per 
pendiciilar ;  bat  from  the  damage  it  sustained  in  the  sevei'O 
tempests  in  the  winter  of  1816-17,  it  is  thought  that  its  ex- 
terior slope  was  too  abrupt. 

A  work  of  the  same  kmd  is  still  in  process  of  construction 
on  our  coast,  off  the  month  of  the  Delaware.  The  same  cross 
section  has  been  adopted  for  it  as  in  the  one  at  Cherbourg. 

All  of  tliese  works  were  made  in  the  same  way,  discharg- 
ing the  stone  on  the  spot,  from  vessels,  and  allowing  it  to 
take  its  own  bed,  except  for  the  facing,  where,  when  practi* 
cable,  the  blocks  were  carefully  laid,  so  as  to  present  a  nni* 
fonn  siirfac4^  to  the  waves.     The  interior  of  the  mass,  in  each 
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ease,  has  been  formed  of  stone  in  small  "bWkSj  ar*d  the  facing 
of  very  large  blocks.  It  is  thooglit,  however,  that  it  woulc 
l>e  mure  prudent  to  form  the  whole  of  large  blocks,  because^ 
were  the  exterior  to  suffer  damage,  and  experience  bIiows  that 
the  heaviest  bltxjks  yet  used  have  at  times  been  displaced  b}^ 
the  ehock  of  tlie  waves,  the  interior  would  still  present  a  groat 
obstacle. 

From  the  foregoing^  details,  respecting  the  cross  Bection^  of 
break watei-s,  wluch  from  experiment  Tiave  been  found  to 
answer,  the  proper  form  and  dimensioiiB  of  the  cross  section 
in  similar  cases  may  be  arranged.  As  to  the  plan  of  sucJi 
works,  it  must  depend  on  the  locality.  The  ijosition  of  the 
breakwater  shoula  be  cho&en  witJi  regard  to  tlio  direction  of 
the  heaviest  swells  from  the  sea  into  the  roadstead, — the 
action  of  the  current,  and  that  of  waves.  The  part  of  the 
roadstead  which  it  covers  elionld  afford  a  proper  depth  of 
water,  and  secure  anchorage  for  veasels  of  the  largest  clasSi 
during  the  most  severe  storms  ;  and  vessels  should  be  able  to 
double  the  breakwater  under  all  circumstances  of  wind  and 
tide.  Such  a  ptmition  should,  moreover,  be  chosen  that  there 
will  be  no  liability  to  obstructions  being  formed  within  the 
roadstead,  or  at  any  of  its  outlets,  from  the  change  in  the 
current  which  may  be  made  by  the  breakwater. 

888.  The  difficulty  of  obtaining  very  hea%'y  blocks  of  stone, 
as  well  lus  their  great  cost,  Ims  led  to  the  suggestion  of  substi- 
tuting for  them  blocks  of  artificial  stone,  fi>rnied  of  concrete, 
which  can  be  made  of  any  shape  and  size  desirable.     This 

!}lan  has  been  tried  with  success  in  several  inBtances,  particu- 
arly  in  a  jetty  or  mole,  at  Algiers,  constructed  by  the  Frcndi 
government.  The  beton  for  a  portion  of  this  wc*rk  was  placed 
in  large  boxes,  the  sides  of  wliich  were  of  w^cukI,  ehapcd  at 
bottom  to  correspond  to  the  irregularities  of  the  bottom  on 
which  the  beton  was  to  be  spread.  The  bottom  of  the  box 
was  nmde  of  strong  canvas  tarred.  These  boxes  were  tinst 
gunk  in  the  position  tor  which  they  were  constructed,  and  tben 
filled  with  the  beton. 

889.  Harbors.  The  term  harbar  ie  applied  to  a  secure  an- 
chorage of  a  more  limited  capacity  than  a  roadstead,  and 
thercioi^  offering  a  safer  refuge  during  boistei*ou8  weather. 
Harhors  are  either  natural  or  artiji&iaL  \ 

BQQ.  An  artificial  harbor  ie  usually  formed  by  enclosing  • 
space  on  the  coast  between  two  arms,  or  dikes  oi  stone,  or  (rf 
wood,  tr^rmed  jetties^  which  project  into  the  sea  from  tlie 
ihore,  in  such  a  way  as  to  cover  the  harbor  from  the  action  of 
the  wind  and  wavea. 
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89L  The  plan  of  each  jetty  is  curved,  and  the  epace  encloeed 
by  the  two  will  depend  on  the  number  of  ves&ek  which  it  may 
be  Buppoeed  will  be  in  the  harbor  at  the  same  time.  Tlie  dia- 
tanee  between  the  ends,  or  *ieads^  of  tlie  jetties  which  forma 
the  mouth  of  the  harbor,  will  also  depend  on  local  cireuin* 
stances  ;  it  should  seldom  be  less  than  one  hnndred  vards^and 
generally  need  not  be  more  than  five  hundred.  Them  are 
certain  winds  at  every  point  of  a  coast  which  are  more  un- 
favorable than  others  tx>  vessels  entering  and  qutting  the  har- 
bor, and  to  the  tranquillity  of  its  water.  One  of  the  jetties 
should,  on  this  account,  be  longer  than  the  other,  and  be  so 

n*  .ced  tliat  it  will  both  break  the  force  of  the  heaviest  swells 
m  the  sea  into  the  mouth  of  the  harbor,  and  facilitate  the 
ingress  and  egress  of  vessels,  by  preventing  them  from  being 
dnven  by  the  winds  on  the  other  jetty,  just  as  they  are  enter- 
ing or  quitting  the  mouth. 

892.  The  cross  section  and  construction  of  a  stone  jetty 
differ  in  nothing  from  those  of  a  breakwater,  except  that  the 
jetty  is  usually  wider  on  tof>,  thirt}^  feet  being  allowed,  as  it 
serves  for  a  wharf  in  unloading  vessels.  The  head  of  the 
jetty  is  uaually  made  circular,  and  considerably  bn>ader  than 
the  otlier  parts,  as  it,  in  some  instances,  receives  a  lighthouse, 
and  a  battery  of  cannon.  It  should  be  made  with  great  care, 
of  large  blocks  of  stone,  w^ell  united  by  iron  or  copper  cramps, 
and  the  exterior  courses  should  moreover  be  protected  by 
fender  beams  of  heavy  timber  to  receive  the  shocK  of  floating 
bodies, 

893.  Wooden  jetties  are  fonned  of  an  open  framework  of 
llea^^  timber,  the  sides  of  which  are  covered  on  the  interior 
bv  a  8trc*ng  sheeting  of  thick  plank.  Each  rib  of  the  frame 
(fig.  249)  consists  of  two  inclined  pieces,  which  form  the 
sides — ^of  an  upright  centre  piece, — and  of  horizontal  clamp- 
ing pieces,  which  are  notched  and  bolted  in  pairs  on  tbe 
inclined  and  upright  pieces;  the  inclined  pieces  are  farther 
strengthened  by  struts,  which  abut  against  them  and  the  up- 
right. The  ribs  are  connected  by  large  string-pieces,  laid 
horizontally,  which  are  notched  and  bolted  on  tlie  inclined 
pieces,  the  uprights,  and  the  clamping  pieces,  at  their  points 
of  junction.  The  foundation,  on  which  this  framework  resta, 
consists  nsnally  of  three  rows  of  large  piles  driven  under 
the  foot  of  the  inclined  pieces  and  the  uprights.  The  rows 
of  piles  are  firmly  connected  by  cross  and  longitudinal  beami 
notched  and  bolted  on  them ;  and  they  are,  moreover,  firmly 
united  to  the  fi^amework  in  a  similar  manner.  The  interior 
sheeting  does  not^  in  all  cases^  extend  the  entire  length  of 
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W^,  140— Be|irviifrrt(s  ■  eroM  necdoa  of  a  wondcfi  Jfftty.    a,  ronndailon  |»0m.    &,  1 
Mn  ptooM.    <%  tulilJle  upiiffht.    d^  crom  plwtm  bolted  tn  p«tnL    «,  MnilM,    m,  'oog! 

the  sides,  but  open  spaces,  termed  clear-ways,  are  often  left, 
to  rjive  a  free  pjiBsage  and  spread  to  tlio  waves  confined  b(^ 
tweon  the  jetties,  for  the  purpose  of  forming  smootli  water 
in  the  channel  If  the  jetties  are  covered  at  uieir  back  with 
earth,  the  clear-ways  receive  the  form  of  inch'ned  plane-s. 

The  foundation  of  the  jetties  requires  particular  care, 
especially  when  the  cliannel  between  thein  is  very  narroWi, 
I^ooee  stone  thrown  around  the  piles  is  the  ordinary  construe 
tion  used  for  this  purpose;  and,  if  it  be  deemed  necessary, 
the  bottom  of  the  entire  channel  may  he  protected  by  an 
apmn  iif  brush  and  loose  stone. 

The  top  of  the  jetties  is  covered  wutli  a  flooring  of  tliicfc 
plank,  which  serves  as  a  %vharf.  A  strong  hand-railing 
should  be  placed  on  each  side  of  the  flooring  as  a  protection 
against  accidents.  The  side^  of  jetties  have  been  variously 
inclined ;  the  more  usual  inclination  varies  between  three 
and  four  per] icndicular  to  one  base. 

884,  Jetties  are  sometimes  built  out  to  form  a  passa^  to 
a  natnra!  harbor,  which  is  either  very  unich  exposed,  or 
subject  to  bara  at  its  mouth.  By  narrowing  the  passage  to 
the  harbor  between  the  jetties,  great  velocity  is  given  to  the 
current  caused  by  the  tide,  and  this  alone  will  free  tlie 
greater  part  oi  the  channel  from  deposites.  But  at  the  head 
of  the  letties  a  bar  \W11,  in  almost  every  case,  be  found 
accumulate,  from  the  current  alongshore,  which  is  bmkcn 
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by  the  jetties,  and  from  the  diminished  velocity  of  the  ebliini* 
tides  at  this  point.  To  remove  these  bars  resort  may  be  hao, 
in  Icx^alities  wliere  they  are  left  nearly  dry  at  low  water,  to 
reservuira,  and  sluices,  arranged  with  turning  gates,  like  those 
adverted  to  for  river  improvements.  The  reservoirs  are 
formed  by  excavating  a  large  basin  inshore,  at  some  suitable 
point  from  which  the  collected  water  can  be  directed^  with 
Its  full  force,  on  the  bar.  The  basin  will  be  filled  at  flood- 
tide,  and  when  the  ebb  commences  the  sluice  gates  will  be 
kept  closed  until  dead  low  water,  when  they  should  all  be 
opened  at  once  to  give  a  strong  water  chase.  * 

B95*  III  harbors  wliere  vessels  cannot  be  safely  and  conve- 
niently mooi*ed  alongside  of  the  quays,  large  basins,  termed 
wet-ilvcks^  are  formeu*  in  which  the  water  eau  be  kept  at  a 
constant  level.  A  we1^do<.*k  may  be  made  either  hy  an  in- 
shore excavation,  or  by  enclosing  a  part  of  the  harbor  with 
strong  water-tight  walls;  the  first  is  the  more  usual  plan. 
The  entrance  to  the  basin  may  be  by  a  simple  sluice,  closed 
by  ordinary  lock  gates,  or  by  meanB  of  an  ordinary  lock, 
With  the  first  meSiod  vessels  can  enter  tlie  basin  only  at 
high  tide ;  by  the  last  they  may  be  entered  or  passed  out  at 
any  period  of  the  tide.     The  outlet  of  tlie  lock  should  be 

Erovided  with  a  pair  of  guard  gates,  to  be  shut  against  very 
igh  tides,  or  in  cases  of  danger  from  storms. 

896.  The  constniction  of  the  locks  for  basins  differs  in 
nothing,  in  principle,  from  that  pursued  in  canal  locks.  The 
greatest  care  will  necessarily  be  taken  to  form  a  strong  mase 
free  fmm  all  danger  of  accidents.  The  gates  of  a  basin-lock 
are  made  convex  towards  the  head  of  water,  to  give  them 
more  sirciigth  to  resist  the  gj'eat  pressure  upon  them.  They 
arc  hung  and  manoeuvrea  differently  fi-om  oMinary  lock 
gates;  tlie  quoin-nost  ia  attached  to  the  side  walls  in  the  usual 
way :  but  at  the  toot  of  the  mitre-post  an  iron  or  brass  roller 
is  attached*  which  runs  on  an  iron  roller  wav,  and  thus  sup- 
ports  that  end  of  the  leaf,  relieving  the  ct^flar  of  the  quoin- 
post  from  tlie  strain  that  would  be  otherwise  thrown  on  it, 
besides  giving  the  leaf  an  easy  play.  Chains  are  attached  to 
each  mitre-post  ne^r  the  centre  of  pressure  of  the  water,  and 
the  gate  is  opened,  or  closed,  by  means  of  windlaasee  to  wliich 
the  t  »ther  ends  of  the  chains  are  fastened. 

897.  The  quays  of  wet-docks  are  usually  built  of  masonry 
Both  lu'iek  and  stone  have  been  used;  the  facing  at  least 
should  be  of  dressed  stone.  Large  fender-beams  may  be  at- 
tacl  ed  to  the  .face  of  the  wall,  to  pre\  ent  it  from  being 
bro  ight  in  contact  with  the  sides  of  the  vessels.    The  cross 


S49 


C7TVIL   ENOINEERINO. 


section  of  qitaj- walla  slioiilcl  be  iixed  on  the  same  principlei 
as  that  of  other  fiUBtaiiung  walk.  It  might  be  prudent  to  add 
buttressfs  to  the  back  of  the  wall  to  strengthen  it  against  the 
&bfK"ks  uf  the  vessel 8. 

898.  Quay-walls  witli  us  are  ordinarily  made  either  by 
funning  a  facing  of  heavy  round  or  square  piles  driven  in 
juxtajH>«itionj  which  are  connected  by  norizoiital  pieces,  and 
secured  from  the  pressure  of  the  earth  filled  in  behind  tbem 
by  land-ties ;  or,  by  placing  the  pieces  horizontally  upon  each 
other,  and  securing  tnein  by  iihdu  holts.  Land-ties  ai^  used 
to  counteract  the  pressure  of  the  earth  or  rubbish  w^hich  is 
thrown  in  behina  tJiein  to  form  the  surface  of  the  quay. 
Another  mode  of  construction ,  which  is  found  to  be  strong 
and  durable,  is  in  use  in  our  Eastern  seaports.  It  consists  iji 
making  a  kind  of  crili-work  of  large  blocks  of  granite,  and 
filling  in  with  earth  and  stone  rubbish.  The  bottom  course 
of  t!ie  crib  may  be  laid  on  the  bed  of  the  river,  if  it  is  firm 
and  horizontal ;  in  the  contrary  case  a  strong  grillage,  termed 
a  cradle^  must  be  made,  and  be  sunk  to  receive  the  stone  work. 
The  top  of  the  cradle  sliould  tie  horizontal,  and  the  bottom 
should  receive  the  same  slope  as  tliat  of  the  bed,  in  order  that 
wljcn  the  stones  are  laid  thev  may  settle  horizontally. 

899.  Dikes.  To  protect  the  lowlands  bordering  the  ocean 
from  inundations,  dikes,  constructed  of  ordinary  earth,  and 
faced  towards  tlie  sea  with  &ome  matej'ial  wbicli  will  j-esiet 
the  acti<jn  of  the  current,  are  usually  resorted  to. 

The  Dutch  dikes,  by  means  of  which  a  large  extent  of 
country  has  been  reclaimed  and  protected  from  the  sea,  ai*e 
the  most  remarkable  structures  of  this  kind  in  existence.  The 
cross  section  of  those  dikes  is  of  a  trapezoidal  form,  the  width 
at  top  averaging  from  four  to  six  feet,  the  interior  elope  being 
the  same  as  the  natural  slope  of  tlie  earth,  and  the  exterior 
slope  varying,  according  to  circumstances,  between  three  and 
twelve  base  to  one  perpendicular.     Tbc  ti>p  of  the  dike,  for 

Eerf ect  safety,  should  be  about  six  feet  above  the  level  of  the 
ighest  spring  tides,  altln^ugh,  in  many  places,  they  are  only 
two  or  three  above  tliis  level. 

The  eaith  for  these  dikes  is  taken  from  a  ditch  inshore,  be- 
tween which  and  the  foot  of  the  dike  a  space  of  about  twenty 
feet  is  left  which  answers  for  a  road.  The  exterior  slope  ib  va- 
riously faced,  according  to  the  means  at  hand,  and  the  cliarao* 
ter  of  the  current  and  waves  at  the  point.  In  some  crises,  a 
Btrong  straw  thatch  is  |>ut  on,  and  firmly  secured  by  pickets, 
orirthei  means ;  in  others,  a  layer  of  fascines  is  epread  over  tba 
thatch,  and  is  strongly  picketed  to  it  the  ends  of  the  picket! 
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beiDg  allowed  to  project  out  about  eighteen  inclieB,  so  that 
they  can  receive  a  wicker- work  foi*mea  by  interlacuig  tl»om 
wntli  twigs,  the  spaces  between  this  wicker-work  beiii^j  filled 
with  broken  stone;  this  forms  a  very  durable  and  strong  facing, 
which  resists  not  only  the  action  of  the  current,  but,  by  ita 
elasticitVj  the  Bhocks  of  the  heaviest  waves. 

The  root  of  the  exterior  slope  requires  peculiar  care  for  ita 
protection ;  the  shore,  for  this  purpose,  is  in  some  places  cov- 
ered with  a  thick  apron  of  brush  and  gravel  in  alternate  layers, 
to  a  distance  of  one  hundi*ed  yards  into  the  water  from  the  foot 
of  the  slope. 

On  some  parts  of  the  coast  of  France,  where  it  has  been 
found  necessary  to  protect  it  from  encroachments  of  the  sea, 
a  cross  section  has  been  given  to  the  dikes  towards  the  sea, 
of  the  same  form  as  the  one  which  the  shore  naturally  takes 
from  the  action  of  the  waves.  The  dikes  in  other  respecta 
are  cnnstructed  and  faced  after  the  manner  which  has  oeen 
BO  long  in  practice  in  Holland, 

900,  Groinfl.  Constructions,  termed  g^roins^  are  need  when- 
ever it  becomes  necessary  to  check  the  effect  of  the  current 
alon^  the  shore,  and  cause  deposites  to  be  formed.  These  ai'e 
artincial  ritlges  which  rise  a  few  feet  only  above  t!ie  surface 
of  the  beach,  and  are  built  out  in  a  direction  either  perpen- 
dicular to  that  of  the  shore,  or  oblique  to  it  They  are  con- 
structed either  of  clay,  which  is  well  rammed  and  protected 
on  the  surface  by  a  facing  of  fascines  or  stones ;  or  of  layers 
of  fascines;  or  of  one  or  two  rows  of  short  piles  driven  in 
juxtaposition;  or  any  other  means  that  the  locality  may  fur- 
nish may  be  resorted  to;  the  object  being  to  interpose  an 
Dbstaele,  which,  breaking  the  force  of  the  current,  will  occa- 
sion a  depofiite  near  it,  and  thus  gradually  cause  the  shore  to 
gain  upon  the  sea. 

90L  Sea**wallB.  When  the  sea  encroaches  upon  the  land, 
forming  a  steep  bluff,  the  face  of  which  is  gradually  worn 
away,  a  wall  or  masonry  is  the  only  means  that  will  afford  a 
pertnanent  protection  against  this  action  of  the  waves.  Walls 
made  for  this  object  are  termed  seu-walU.  The  face  of  a  sea- 
wall should  be  constructed  of  the  most  durable  stone  iu  large 
blocks.  The  backing  may  be  of  rubble  or  of  beton.  The 
whole  work  should  be  laid'with  hydraulic  mortar. 


APPENDIX. 


a,  Classificaium  of  Stratm, — Any  rod,  or  bar  of  homogeneoufl 
itnicjtiire  and  uniform  crosa-Bectiona^  may  be  regarded  as  a  prism, 
composed  of  an  infinite  number  of  fibres,  each  of  which  may,  in 
turn,  be  considered  as  a  right  prism,  having  an  infinitely  small  area 
for  it«  base,  and  its  edges  parallel  to  those  of  the  prism. 

If  a  prism  so  composed  be  intertiected  by  an  infinite  number  of 
planes;,  each  perpendicular  to  its  edges,  these  planes  will  divide  the 
fibrea  into  infinitely  Bmall  solids,  each  of  which  may  be  considered 
as  the  element  of  a  fibre  j  and  if  these  elementary  solids,  or  fibres, 
be  referred,  in  the  usual  manner^  to  three  rectangular  axes,  two  of 
which,  as  X,  and  Y,  are  contained  in  a  plane  perpendicular  to  the 
edges  of  the  prism,  and  the  third,  Z,  parallel  to  tbem,  then  the  area 
of  the  base  of  any  elementary  fibre  will  be  expressed  by  dx  t/y,  and 
its  length  by  dz. 

b.  In  considering  the  elementary  fibres  contained  between  any 
two  of  theae  consecutive  planes,  it  will  be  readily  seen  that,  although 
the  relative  positions  of  the  planes  may  be  varied  in  an  infinity  of 
ways,  they  admit  of  four  simple  relative  movements,  which,  either 
singly  or  combined,  will  cover  all  the  cases  of  change  of  form  in  the 
elementary  fibres  betweea  them,  arising  from  these  changes  of  po- 
BitionB, 


O.  As  an  illustratioa  of  this,  let  (Fig,  A)  be  the  longitudinal, 
and  (Fig.  B)  the  cross-flection  of  any  such  prism,  and  A.  B,  and 
C  D|  be  two  of  the  consecutive  planes  in  {juestion. 
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let.  The  plane,  C  D,  may  be  moved  parallel  to  A  B,  either  from 

or  towards  it.  In  the  fomier  case,  the  elementary  fibres  between 
the  pknea  will  be  lengthened,  and  in  the  latter  shortened ;  and  the 
strains  to  which  they  arc  subjected  will  arise  from  a  force  of  exten- 
sion in  the  6 list  CBse^  and  one  of  compression  in  the  second,  acting 
parallel  to  the  fibres. 

2d.  The  plane,  C  D,  may  take  the  posxtion,  C  T>\  by  turning 
around  some  line,  O,  in  it  as  an  axis,  in  which  case  the  elementary 
fibres  on  one  side  of  this  axis,  in  conforming  to  the  new  position  of 
O  D,  will  be  deflected  and  lengthened,  undergoing  a  strain  of  ten- 
sion ;  whilst  those  on  the  opposite  side  will  be  defected  and  short- 
ened, undergoing  a  strtiin  of  compression;  and  those,  as  O  O',  in 
the  plane  of  tlie  axis  of  the  prism  aod  of  the  axiii  O  of  rotation, 
will  be  simply  deflected,  without  any  change  in  their  original  length  ; 
the  plane,  C  D,  in  its  new  position  C  D',  continuing  normal  to  all 
the  elementary  fibres  in  their  new  position  of  deflection. 

3d*  The  plane,  C  D,  (Fig,  C)  may  receive  a  motion  of  translation 
in  the  direction  C  D,  parallel  to  A  B,  in 
which  any  elementary  fibre,  as  a  b,  will 
take  a  new  {>oaitiony  as  a  h\  oblique  to  Ita 
original  position. 

4th.  Or  the  plane,  O  D,  may  receive  m 
motion  of  rotation  around  some  axis  per- 
pendicular to  it,  in  which  case,  the  base  of 
any  elementary  fibre,  as  b^  in  the  plane  O 
D  (Fig,  B),  will  take  a  new  position,  de- 
Bcnbing  a  small  arc  in  the  plane,  C  D 
around  the  axis  of  rotation. 

It  will  now  be  easily  apprehended  that  any  elementary  fibre  being 
subjected  to  two  or  more  of  these  movements  or^mbined,  the  result- 
ing strains  brought  upon  it  will  aiise  from  these  aimultaneout 
movements. 

As  these  relative  changes  of  position  of  the  planes  in  question 
are  due  to  forces  exterior  to  the  prism,  and  as  their  action  ia  re- 
sisted by  the  molecular  forces  brought  into  |>lay  by  the  strains  on 
the  fibres,  several  problems  arise,  from  this  action  and  reaction 
which  come  within  the  province  of  rational  mechanics,  aided  by  ex- 
periment, for  their  solution,  and  which  find  their  application  in  the 
resistances  ofiered  by  the  solid  portions  of  structures  to  the  forcee 
to  which  they  are  subjected  from  the  fnrm  and  design  of  the  struo- 
fcnre. 

The  object  of  this  Note  is  to  give  the  mode  of  solving  some  of 
the  more  simple  problems  which  fall  under  this  head. 

d,  MdcUion  between  the  MlongcUion  and  the  Fwce  by  wMth  U  tt 
produced^  in  the  eaee  of  a  rod  or  bar  of  a  givefn  Gro$$^$eeHcn^  l4e 
jorce  acHng  in  the  direction  of  the  aseie  of  the  bar. 

From  experiments  made  upon  homogeneous  bars  of  smaO  area  of 
cross-section,  and  within  the  limits  of  elasticily  of  the  material  of 
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which  the  har  is  composed,  ifc  has  been  shown  that  the  elongatiutii 

from  any  force  acting  in  the  direotion  of  the  axia  of  tho 

bar,  is  directly  proportional  to  the  length  of  the  bar,  and 

to  the  force  itaelf,  and  inversely  as  the  area  of  the  cross-        ^ 

section. 


Bepreaent  (Fig.  B)  by 

L,  the  original  length  of  the  bar, 

W,  the  force  applied  to  lengthen  it. 

l^  the  elongation  dud  to  W, 

A,  the  area  of  the  orofls-Bection* 

£,  a  constant  to  be  determined  by  experiment. 
Then,  from  the  law  expressed  above,  obtained  £rQm  ex- 
periment, there  obtains  the  relation 

*     EA' 


An 


'A 

FlgD. 


and 


W=Ea1-;(A) 


W 


Equation  (A)  gives  the  relation  between  the  force  and  its  corre 
spending  elongation ;  and  £q.  (6)  shows  that  the  ratio  of  the  strain 

W 

on  the  unit  of  area,  expressed  by-^-,  and  the  elongation  of  the  unit 

of  length  expressed  by  —  is  constant.  The  value  of  the  constant 
depending  on  the  nature  of  the  materiah 

Making  A  ^  1  and  t=-  =  1,  in  Eq.  (B),  there  obtains 

E=W, 

that  is  J  E  is  the  force  which,  applied  to  a  bar,  the  cross-section  of 
which  is  a  superficial  unit,  would  produce  an  elongation  equal  to 
tlie  original  length  of  the  bar,  supposing  its  elasticity  perfect  up  to 
this  limit.  The  quantity,  E,  thus  defined  is  termed  the  coefftciant 
of  daaiidty. 

Equation  (A)  may  be  stated  as  the  fundamental  proposition  iB 
this  subject  upon  which  the  solution  of  all  the  others  depends, 

e.  To  Jmd  the  relations  between  the  Elongation  cmd  the  ^oreei 
praditcinff  i<,  wfien  the  weight  of  the  bar  w  iaJcen  into  conmderaiion. 
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In  £q.  (A),  the  only  force  acting  i&  W,  the  weiglii  of  tbe  l>&t 
itself  being  neglected.  To  determine  the  elongation,  the  J^ttei 
being  fjikeu  int<i  account, 

Bepresent  (Fig,  D)  by 

L,  the  total  original  length  of  the  bar ; 

A  J  the  area  of  the  cross-section  ; 

X,  the  original  length  of  any  portion  as  A  C ; 

</»,  the  U'ligth  of  au  elementary  portion  of  A  0 ; 

W,  the  force  applied  at  the  end  B  ^ 

10,  the  weight  of  a  li nit  of  volume  of  the  bar. 

The  volume  of  the  portion  B  C  will  be  expressed  by  (L  —  »)  A; 
ftnd  its  weight  by  (h  —  x)  Aw, 

The  total  force  acting  to  elongate  the  portion  A  G  will  be  ets- 
pressed  by 

W+(L— »)Aw. 

The  relations,  therefore,  between  this  force  and  the  elongadon 
produced  by  it  on  any  elementary  portion  dxt^  will  be  obtained  by 
anbstitutiiig  dx  foi  L,  and  W4'(L  —  x)  Aw  for  W,  in  Eq.  A. 
Making  these  snbstitutions,  and  finding  the  corresponding  elonga- 
tion, there  obtains 

tU  a 

The  totJil  length  of  dx  after  elongation  will,  therefore,  he 
W  +  (L  -  x)  A  w  ^ 

Integrating  this  between  the  limitu  a?  =  0  and  a;  =  L,  there  obtaini 

^^  eT^    ea    * 

for  the  total  length  of  the  bnr  after  elongation. 

f.  It  will  be  readily  seen,  from  the  preceding  diacwHsion,  thut 
the  greatest  strain  on  the  bar  will  be  at  the  top,  and  that  it  will 
arise  from  the  force,  W,  and  its  own  weight,  or  from  W-f  L  A  tOi 
The  strains  on  the  other  sections  varying  witli  sc,  will,  therefore, 
decrease  as  x  increases,  Oonaequenily,  the  strain  on  each  unit  of 
area  of  tlie  bar  will  be  variable  ;  and,  representing  by  x  any  varia* 
ble  length,  as  B  C,  estimated  from  B  upwards,  the  force  acting  on 
tlie  unit  of  area  at  any  point  to  produce  this  strain  will,  from  E*^. 
(A)  be  expressed  by. 

In  which  X  la  the  elongation  oorreeponding  to  9 ;  and  in  order  thai 
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the  strain  shall  he  the  same  on  the  unit  of  area  of  every  section| 
and  th<)refore  equally  strong  at  each  section,  —  most  he  courtant. 

g.  1 J  apply  this,  let  the  cross-section  of  the  har  (Fig.  E)  at 
every  point  be  a  circle,  and  let  the  radios  of  any 
one  of  these  circles  be  represented  by  r. 

The  area  of  the  circle  will  be 

and,  dx  being  an  elementary  length  of  the  bar,  any 
elementary  volume  will  be  expressed  by 

*  r«  dxy 

and  the  weight  of  tnis  elementary  volume  by 

f  r*  dxw. 

For  any  volume  of  the  bar  of  the  length  x,  the  ex- 
pression for  the  weight  will  be 


to  f  *  r*  dx. 


Substituting  these  values,  in  Eq.  (C),  for  A,  and 

09  A  to,  and  making  —  =  c,  there  obtains 

X 


Fig.]L 


W+  wjv  r*  dx 


=  Ec;  (D) 


CO  represent  the  strain  on  the  unit  of  area  on  any  oross-seotion. 
Differentiating  Eq.  (D)  there  obtains, 


hence 


u;irr*c£a5  =  Ec2«'rcfr, 


which  integrated  gives 


dr        ^   J 


2Ec 


loff.r  = 


2Ec 


»  +  0; 


which  shows  that  the  line  cut  from  the  bar,  by  a  section  through 
the  axis,  is  a  logarithmic  curve. 

Making  ir  r*  =s  A,  and  E  c  =  m,  in  Eq.  (D),  there  obtain! 

W+wjAdx  =  mA;  (E) 


bsnce,  Sy  dlFerentiation, 


uid 


wAdx  =  mdA^ 


djL 

A 
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Integrating  this  expression  betv^en  the  limits  of  0  =  0,  lu&d  m^I^ 
and  representing  by  A',  and  A^',  the  correBponding  Wlues  of  A, 
and  in  which  r  will  take  the  corresponding  valuee  r^  =  6  n,  and 


r**=  anif  there  obtains 


I        A"       w^ 
hence^  passing  to  the  equivalent  numben, 


A"  =  A'd        ;{F) 

But,  from  Eqs.  (D)  and  (E),  the  quantity  E  c  =  f7»,  ia  eTidentlj  the 
weight  or  force  of  tension,  on  the  unit  of  area  at  any  cross-seotioii 
of  the  bar ;  bo  that,  at  the  lowest  pointi  where  the  etrain  arii 
from  the  force  W  alone,  the  total  strain  on  A  will  be  expr««B«d  b^ 

771  A' ;  hence 

fnA'  =  W,andA'=— . 
tn 

BubsUtuting  this  value  of  A|  in  Eq.  (E)^  there  obtains 


for  the  value  of  the  area  at  the  upper  end. 

h*  Jlei^tUm9  between  a  force  which  produces  simple  de/teetion  mtd 
the  dongatums  and  compressions  of  the  fibres  of  a  ha/r^  tk«  croigt 
section  being  uniform  and  symmetrical  with  respect  to  thepiemB  im 
which  ^  force  acts, 

Iji  the  problem  here  proposed  for  solution,  the  circumstances  are 
the  sanie  as  those  that  usually  obtain  in  all  structures  Bubjecte<l  to 
forces  which  act  either  obliquely  or  perpendicularly  to  the  fibres  of 
the  material  of  which  the  parts  are  composed  ;  as,  for  example^  in 
the  various  kind  of  frames. 

In  all  such  cases,  the  cross-sections  of  the  parts  are  either  uxdfomi, 
or  else  they  vary  by  insensible  degrees,  by  a  law  of  continuity  froia 
one  point  to  another ;  the  %ures  of  the  cross-section,  at  any  two 
points  at  fmite  distances  apart,  being  similar,  but  regarded  as  the 
same  between  any  two  sections  infinitely  near  each  other. 

It  has  been  stated,  in  the  illustration  already  given,  that,  in  tho 
ease  of  simple  deflection,  the  hypotheses  generally  adopted  are  :  1st, 
that  the  planes  of  cross-sc^ction,  |>erpendicular  to  the  libres  of  any 
bar,  taken  at  distances  infinitely  near  each  other,  will  rsmmin 
normal  to  the  Ebres  after  defection ;  2d,  that  these  planer  wffl 
rotate  around  some  line  drawn  across  the  £gure  of  the  oross-^ection } 
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3d,  that  the  fibres  jit^g  on  ono  aide  of  this  line  will  be  extended, 
and  those  on  the  other  compressed  j  4th,  that  the  elongation  Of 
comjiresBion  of  any  fibre  will  be  prnportional  to  it«  distance  from 
this  line ;  and  5th,  that  all  the  fibres  contained  in  a  plane  passed 
through  thia  line  and  parallel  to  the  axis  of  the  bar,  will  not  be 
changed  in  length  by  the  deflection  undergone.  The  central  fibre  w 
this  plane  is  termed  the  mean  or  neuiraljibr&» 


1^.] 


Let  (Fig,  A)  be  the  longitudinal  section,  and  (Fig.  B)  the  figure 
of  the  uniform  cross-section,  taken  at  any  point  as  A  B  (Fig.  A)y 
and  which  is  symmetrical  with  the  line  A  B  {Fig,  B)  cut  from  the 
plane  of  cross-section  by  the  plana  passed  through  the  axis  of  the 
bar,  and  in  which  a  force,  W,  acta  at  the  point  F,  to  cause  deflec- 
tion in  the  bar,  which  may  be  supposed  to  be  fijted  in  any  manner 
at  the  point  E»  LetE  F  be  the  mean  fibre  cut  out  by  the  plane  of 
longitudinal  section,  and  O  P  the  line  of  the  fibres,  cut  by  the  plane 
of  cross-section,  which  are  not  changed  in  length  by  the  deflection ; 
and  which  may  be  termed  the  netiiral  aads  of  the  cross-section. 
Let  OXand  OY  be  two  rectangular  co-ordinate  axes  to  which  all 
points  of  the  cross-section  are  referred. 

Represent  by 

L,  the  original  length  of  an  elementary  fibre  aa  D  B^  a  b|  (Fig*  A) 

a  ^  dx  dy  the  area  of  its  cross-section ; 

m  and  y,  the  co-ordinates  of  a ; 

a^  the  infinitely  small  angle  which  the  plane  G*  TV  makes  with 
its  original  position  0  D  after  deflection. 

Now,  from  the  hypothesis  adopted,  any  fibre,  as  a  b  (Fig.  A), 
contained  between  two  consecutive  planes,  will,  aft-er  deflection,  be 
lengthened  by  an  amount  equal  to  b  C  in  the  relative  change  ol 
position  of  the  plane  CD;  and  as  the  distance  of  this  fibre  from 
the  neutral  axis  ia  y,  this  increase  of  length  will  be  expressed  by, 


in  like  manner,  the  decrease  in  length  of  any  fibre  at  the  same  dift 
bance  from  the  neutral  axis,  on  the  other  side  of  It^  wiU  also  be  ex^ 
pressed  by  y  u. 


0$f 
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Kemiming  now  Eq.  (A),  and  sTibstitnting  in  its  secoui!  member  1 
dxdy  sz  a  for  A,  and  y  a  for  l^  there  obtaina 

E  dm  dy  -^, 

which  expresRea  the  relation  I)6tw6en  the  strain,  and  the  corraspoiid- 
11  ig  elongation  for  any  elementary  fibre. 

Therefore  the  total  strain  on  the  fibrei  elongated  will  be  6C 
pressed  by 


II SS^  c£fl5  dy  y. 


In  like  manner  the  strains  on  the  compressed  fibres  wiU  be 
pressed  by 


--^JJ^dxdyyi 


iha  negatiTe  sign  being  used  to  denote  the  contrary  direction  of 
the  elaatio  resdstance  of  the  compresRed  Bbres. 

As  these  strains  are  caused  by  the  force  W  acting  to  defied 
the  bar,  and  therefore  to  produce  rotation  aboiit  any  neutral  axis, 
as  O  P,  with  an  ami  of  lever  O  F  =  «,  there  will  obtain,  to  expreai 
fihe  conditions  of  equHibnum  of  the  system  of  forces, 


and 


±-JjEd^dyy~    ^jyi^dxdyy=0;{Q) 


^  ff^dx  dy  y*  ^  —  J^Edxdyy'-Wz^O;  (H) 

Eq,  (O),  which  expresses  the  condition  that  tho  algi^hraic  sum  of 
the  strsiins  on  all  the  fibres,  parallel  to  the  mean  fibre  E  F,  and 
|:*er|>enflicular  to  the  plane  C  ly^  is  equal  to  zero,  shows  that  the 
neutral  axia,  O  P,  passes  througli  the  centre  of  gravity  of  the 
figure  of  the  cross-section ;  and  Eq.  (H)  that  the  sum  of  th'* 
moments  of  the  strains  and  of  the  force  W  is  also  equal  to  zero. 

When  t)ie  centre  of  gravity  coincides  ^vith  the  centre  of  figure, 
or  the  neutral  axis  divides  the  cross-section  symmetrically,  Eq.  (H) 
beeomesi 

2-L,      tP  E  dxdy  y"  -  Ws  =:  0.  (I) 
1.  The  expression 


Jf  E(ke  dyy^ 


it  will  be  seen  is  analogous  to  the  general  expression  for  the  mi> 
meut  of  inertia  of  a  volume  of  uniform  density,  in  which  E  is  con 
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Btant  and  depends  onlj  on  the  pb jsical  propeHies  of  tlie  material, 
ftud  /  /  (jbc  dy  y*  depends  entirely  for  its  value  on  the  figure  o( 

the  croas-Rection.  To  apply  this  to  any  particular  figure,  the 
integral  muat  be  taken  between  x  :=  0,  and  ;c  —  6,  in  which  h  ia 
the  breadth  of  the  figure  estimated  along  the  neutral  axLi;  and 
between  y  —  0,  and  y  =  ^  d^'m  which  d  in  the  length  of  the  figure, 
eatiinated  along  the  fine  drawri  through  its  centre,  and  perpendicu- 
lar to  the  neut^  axis. 

The  expreasioQ  2  If  E  dss  dy  y^  is  called  the  movieni  of  Jteaci 

bUUy/  and  Wz  that  of  the  bending  moment 

k.  Particular  moments  ofJiexibUity.—ThQ  value  of  the  moment 
of  flexibility,  which  is  a  mere  problem  of  calculus,  is  easily  found, 

for  any  geometrical  figure  from  the  double  integral  /  /  dxdy  y\ 

For  examples,  when  the  cross-section  of  the  figure  is       ^__^^ 
a  rectangle  (Fig.  F),  in  which  b  is  the  breadth,  and  d 
the  depth,  the  integral,  taken  within  the  limits  »  =  0, 
and X  ^  b;  y  =  0,  and  y  ^  i  d^  becomes 

2.  For  a  cross-section  (Fig  O),  like  that  of  a  hollow 
girder,  in  which   6   is  the  entire  breadth,  d  the  total 
depth,  6'  the  breadth  of  the  hollow  interior,  d'  its  depth,  tho  limita 
become,  x  =.  6  —  i' ;  and  y  =  ^d  —  ^df;   and  the  ^ 
moment  of  flexibility, 

Tlie  expression  will  be  of  the  same  form  in  the 
case  of  the  cross-section  of  the  I  girder  (Fig.  H)  in 
which  b  is  the  breadth  of  the  flanges  ;  b*  the  sura  of 
breadths  of  the  two  shoulders;  (/  the  depth  of 
the  girder,  and  d*  the  depth  between  the  flanges, 

3.  When  the  cross-section  ia  a  circle,  and  the  axes 
of  co-ordinates  are  taken   thi'ough  the  centre,  the   limits  of  »  will 
b6  +  r  and  —  r ;  and  those  of  y  =  ^  r*  —  ar*  wiU  be  the  same ;  and 

•        2jrfdxdyy'^i^r'* 

4.  For  a  hollow  cylinder,  in  which  r  is  the  ex- 
terior and  r   the  interior  radius    the   Integra]  iji 

i'('-*-0- 

5.  When  the  cr^^ss-section  is  an  ellipse,  and  the 
neutral  axis  coincides  with  the  conjugate  axis, 
if  the  transverse  axis  be  represented  by  5,  and  the 
conjugate  by  ^,  and  the  limits  of  x  and  y  be  taken 
ta  in  the  circle,  then,  Plg.  H. 

*  f  or  Um  Intasni  /  /  d^  dy  yi;  m«  C»iircA't  OilctfliM,  ut  105,  p.  SfH  ;  as^  ut.  95lL  |k  911 


h 

— iLJ 


Fit.  ^* 


i$ 
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L  Strain  on  ths  u/nit  of  arta. — Returmng  to  the  general  ezpra^ 
aioa  Eq*  (I),  bj  repreaenting  2  ffdx  dy  y*  hj  I,  it  beoomea 

1-^.  (VX 
L~EI'  ^^^ 

tDultipljing  eacb  member  of  thiA  equation  by  y,  there  obtainSi 

But  ytt  IB  the  elongation  of  the  elementary  fibre  L  at  the  distitnce  y 
from  the  neutral  ajds,  therefore,  Eq.  (A),  aa 

h  the  strain  on  the  unit  of  area,  ao  E  ^  =  — =-  y  ia  the  Btrain  rt>- 

ferred  to  the  unit  of  area  caused  by  the  deflection  on  the  elementary 
fibre  at  the  distance  y  from  the  neutral  axia. 

Taking,  for  example,  a  bnr  having  a  nniform  rectangular  cross* 
section  of  the  depth  d  and  bread tli  b  ;  and  representing  by  K  the 
limit  of  the  strain  on  the  unit  of  area  of  the  fibres  at  the  diatanoe 
-J^  from  the  neutral  axis,  and  for  y,  aubstiiutiug  ^,  and  for  I  Ita 
value  ^b  d*  ^  there  obtaina,  from  Eq.  (K)» 


K=: 


(L) 


which  expresses  the  relations  that  must  exist  between  ft,  cf,  W  and 
«  to  satisfy  this  condition* 

m.  The  quantity  ^  K  6  cT  receives  the  name  of  the  mommii  of 
rupture,  when  R  is  the  strain  on  the  unit  of  surface  at  the  instant 
that  rupture  takes  place  j  and  ita  value  has  been  determined  by  di- 
rect experiment  aa  stated  in  the  subject  of  the  Resistance  of  Ma^ 
terials.  But  it  is  to  be  noted  that  aa  the  proportionality  of  the 
elongations  or  compressiona  of  the  fibres  to  the  forces  causing  them 
ia  true  only  within  certain  Emits,  and  that  it  fails  when  the  strain 
approaches  that  of  nipture,  the  results  obtained  from  Eq,  (L)  will 
be  found  to  accord  with  experiment  only  within  these  limits. 

a.  The  equation  R  ^  -=-  y  ia  \med  for  determining  the  strength  and 

proportions  of  prismatic  beams.     If  the  beam  is  priamatie  it  is  evi 
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dent  that  tbe  greatest  strain  will  be  where  the  moment  cf  external 
forces  is  greatest,  and  the  transverse  section  at  this  point  is  called 
the  dange^rmis  section  /  and  generally  it  is  the  section  most  liable 
to  break  in  any  beam. 

C(W«  Ist,  If  the  beam  is  ^xed  at 
one  end  and  loaded  at  the  &ee  end 
(Fig,  a)  we  have  for  the  dangerous 
section 


M 


in  which  I  is  the  length  of  the  beam. 
If  the  beun  is  rectangular  this 
becomes  Up;  ^ 

If  it  is  required  to  find  the  depth,  we  assume  a  safe  Talne  for  B^ 
and  have 


=7 


WZ 


eR6^ 


In  a  similar  way  we  may  find  any  one  of  the  q^uaiLtities  when  a]  I 
but  one  are  known. 

Case  2d,  If  the  beam  is  uniformly 
loaded  (Fig*  b)  we  have  for  the  danger- 
ous section 

CW  ^d.  If  the  beam  is  supported  at 
its  ends  and  loaded  by  a  weight,  P| 
placed  at  the  middle  (Fig.  c),  the  dan- 
gerous section  will  be  at  the  middle,  and  we  shall  have  for  rectan- 
gular  beams, 


Fit.  ^ 


i  P  «  ^  ^  R  ^  <f*, 


In  which  I  ia  the  length  A  B  between  the 
supports. 

Ccue  ith.  If  the  beam  is  uniformly  load* 
ed  and  the  other  conditions  the  same  aa  in 
the  preceding  case,  we  have 


I  w^  =  ^  R  J  <r 

(For  other  cases,  see  WbocTs  KeaUtanee  of  MateriediJ) 

n.  Solids  of  JSqucd  ItetUtanoe, — ^A  like  problem  presents  itself 
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hi  strains  caused  hj  deflection,  to  th^  ona  in  wKicH  the  stndnfl 
caused  by  a  force  acting  in  the  direction  of  the  fibres ;  in  irLicti, 
tlia  cross-sections,  varying  from  point  to  point,  Lut  being  similar 
figures,  it  is  proposed  i*-o  to  determine  the  longituJinid  section,  tJiat 
the  greatest  strain  on  the  unit  of  area  for  each  cross-section  shali 
y>t*  constant. 

Kepresonting  this  constant  stnun  by  H^,  and  supposing  the  cros^ 
sections  to  be  rectangleti  Eq.  (L)  becomes 

Now  Eq,  (!*')  may  be  satisfied  in  various  ways;  by  making  W 
either  constant,  or  variable  with  s ;  by  making  eitht^r  b  or  d  con- 
stant, or  variable ;  or  by  making  any  one  of  these  ijuantities  to 
vary  with  the  other. 

The  following  cases  may  be  taken  as  examples  of  the  applicationfl 
r>fEq.  (L'):— 

Case  Ist,  Suppose  a  bar  (Fig. 
the  cross-section  of  which  at  eve 
point  is  a  rectangle,  with  a  con-"^ 
stant  breadth,  but  variable  depth, 
to  be  fixed  at  one  end  in  any  man- 
ner, and  strained  by  a  constant 
force  W,  acting:,  at  the  otht*r,  in 
the  plane  containing  the  ni'^an  fibre, 
and  perpendicular  to  this  Hbre, 
For  any  ci-oss-section  at  the  dis- 
tance z  from  the  point  of  applica- 
tion of  Wj  reprwienting  the  variable  depth  by  y,  Eq,  (L')  becomes, 


Pig.  I. 


R^= 


y*  = 


6  W 
6  R' 


which  is  the  equation  of  a  parabok,  the  vertex  of  which  is  at  the 
point  Bw  Assuming  tin*  line  A  B  of  the  longitudiunl  secfion  to  b© 
A  stnught  line,  the  line  B  D  which  bounds  the  figure  on  the  oppo» 
site  side  will  be  the  parabola  jjiven  by  the  equation. 

Case  2d.  If  the  strain  arises  from  a 
weight  uniformly  distributed  dong  the 
line  A  B  (Fig.  K),  and  that  for  a  unit  of 
length  of  the  line,  the  corresponding 
weight  is  represented  by  w;  then,  for  any 
distil  nee  z  frcro  B,  the  weight  will  be  f/«  «, 
and  its  lever  arm,  for  the  cross-section  at 
the  distance  z  from  B,  will  be  f  s.  U 
then  the  breadth  remains  constant  and 
depth  vmable,  Eq*  (L')  will  take  the  form, 
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R'  = 


to  ««  |« 

1W' 


'./  = 


^*^  ...  —J /3«  .. 


whidi  b  the  e<^uatioii  of  a  right  line  B  D  of  which  B  is  the  origin 
of  co-ordinates^ 

Case  ^d.     Taking  W  as  in  the  first  case,  let  the  ratio  of  6  to  a 
be  oonstant,  or  6  =  dtrhy  then  Eq.  (h')  wUl  become 

I  my"        ^        R'm 

which  IB  the  equation  of  a  cubical  parabola  for  the  curve  (Fig,  K) 

Case  4M.  Taking  W  aa  in  the  first 
case,  let  the  depth  d  (Fig.  L),  be  con- 
stant ^  and  the  breadth  variable.  Re- 
presenting this  variable  breadth  by  x^ 
Eq,  (V)  becomes 


R'  = 


Wz 


izd*' 


6W 


I\6.  L 


^& 


I1g.M 


A" —  > X  - 


which  b  the  equation  of  a  right  line 
having  the  origin  of  co-ordinates  at  B.  The  figure  of  the  longitu* 
dinal  section  perpendicular  to  the  line  of  action  of  W  will  be  ai 
iaosccles  triangle,  C  B  D. 

CaJte  btiL  Su|« posing,  as  in  the  second 
case,  an  equal  weight  to  on  each  unit  of  , 
length  to  be  distributed  along  the  centre 
line  A  B  (Fig.  M),  and  the  depth  to  be 
constant  and  breadth  variable.  Then 
for  any  cross-section  at  the  distance  z 
fi-om  B,  Eq»  (L')  becomes, 

which  is  the  efpiition  of  a  parabola  hav- 
ing its  vertex  at  B,  at  which  point  A  B  is  tangent.     The  figure  of 
the  longitutlinal  section  will  therefore  be  bounded  hy  the  two  equal 
and  symmetrical  parabolio  arcs  B  C  and  B  D. 

Case  Gth.  Supposing  a  bai  to  rest  horisontallj  on  two  supports, 
A,  B  (Fig.  N),  at  its  two  ex- 
tremities, and  to  be  strained  by 
ft  weight  W  acting  at  any  point 
D,  and  that  its  depth  is  varia- 
ble and  breadth  con8t.ant.  Re- 
present the  length  A  B  by  2  /, 
and  tJie  distance  C  D  between 
the  middle  point  of  A  B  and 
the  cross-section  where  W  acts 
by  «. 


A/ 


"^ 


m 
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From  the  theorem  of  parallel  forces,  the  pressures  on  the  points  A 
end  Bp  and  consequently  tht^ir  rt^action,  axe  the  parallel  componeiitf 
of  W  acting  at  theae  points,  and  are  expressed  for  the  point  A,  hj 

-     A     W,  and  for  B  hj  ■  W ;  and  their  respective  moment«| 

with   regard  to   the  neutral   axis  in  the  cross-section  at   D,  by 


il~z)(l  +  z) 


W.     Eq.  (L^)^  therefore  for  any  cross-section,  be* 


W  (P  ~  «») 


1 6  y" 


3  W   ,_ 


which  is  the  equation  of  an  ellipse  referred  to  its  centre  and  axis. 
The  line  A  B,  therefore,  being  a  right  line,  the  outline  of  the 
longitudinal  section  of  the  bar  on  the  opposite  side  will  be  the 
semi-ellipse  A  E  D ;  the  semi-conjugate  axis  of  which  can  be  found 
from  the  equation  of  the  curve  by  makingjr  =  0. 

Were  the  weight  W  to  act  at  the  point  D  alone,  then  the  problem 
would  fall  into  the  Com  1,  and  the  longitudinal  section  would  bo 
bounded  by  the  two  paraboHo  arcs  A  £  and  B  E* 

Cote  7  th,   Supposing 
s  bar  to  rest,  as  in  the  i 
^rf.  o  1^  preceding    case,  on  two 

supports,  A,B  (Fig.  O), 
and   a   weight   ti?  to  be 

..ijf^ ^e  distributed     over     each 

f        ^.^^      unit  of  length  of  the  cen- 
tre line  A  B ;  the  depth 
F  of  the  bar  d  to  he  con- 

stant, and  the  breadth  i 
variable.  Bepresenting 
by  2  2  the  length  A  B^  and  by  x^  the  distance  C  D  of  any  cross- 
section  from  the  centre  C,  then,  from  the  theorem  of  parallel  forces, 
as  2  If  Ha  the  total  wei|jfht  distributed  over  A  B,  the  pressure  on 
each  support  and  consequent  reaction  will  be  uj  L  But  the  weight 
distributed  over  tl»e  portion  D  B  is  expressed  hy  w  {I  —  z).  The 
cross-section  at  D  will  therefore  be  strained  by  the  two  forces  w?  I 
acting  at  B  upwards ;  and  w  (I  —  z)  acting  through  the  middle  of 
the  distance  D  B  downwards,  Eq.  (L')  to  conform  to  these  circum- 
stances will  become 

^ il^v * 


A  ap  = 


jwi'-^jwi^ 


frhicl  is  the  equation  of  a  uaraboia  referred  to  ^s  oo-ordln&te  axes 
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0  B,  C  ^i  The  longitudinal  section  perpendicular  to  tLe  line  of 
action  of  tbe  force  2  to  I  will  be  bounded  bj  two  parabolic  arcs  A 
li  B|  and  A  F  B,  the  verticeB  of  wMok  ivill  be  on  the  line  E  F 
bisecting  A  B. 

Case  8<A.  If,  instead 
of  a   weight   imifomily  ,^^  ^  g 

distributed     along     the 
centre  line,  a  weight  W 

were  placed  at  a  point    §^.^^^^*7r„.- «.«-,..«««^'o. .>>8 

D  (Fig.  P)  of  this  line, 

then     the     moment    of 

either  component  of  W 

at  A,  or  B,  with  respect 

to  the  transverse  section  at  D  will  be  equal  to  the  moment  of  dexi* 

bility  at  this  section.     This  case  therefore  is  the  same  as  in  Case 

4,  and  the  outline  of  the  longitudinal  section  will  be  two  isosceles 

triangles,  having  a  common  base  JC  F^  and  their  vertices  at  A  and 

B. 

If,  as  in  Case  Bth^  the  weight  may  act  at  any  pointy  then  the  out- 
line will  be  two  parabolic  arcs,  having  their  vertioes  on  the  per- 
pendicular to  and  bisecting  A  B  as  in  Com  7th. 

0.  £J'ect  of  tlie  figure  of  the  crosi-ti^ion  on  <A<  resiittance  to 
etraine  caused  by  d^fiection. 

From  £q.  (K)  which  gives  the  strain  on  the  unit  of  area  for  anj 
fibre  at  the  distance  y  firom  the  neutral  axiS|  or 


there  obtaiiui 


W* 


=  R 


From  this  it  is  seen,  that,  for  any  constant  value  of  the  bending 
moment  W^,  the  strain  H  on  the  unit  of  area  for  any  £bre,  at  the 

distance  y  from  the  neutral  axb,  will  be  the  smaller  as  -*    is   the 

y 

greater.  But  for  any  two  cross-sections,  having  the  same  area  A, 
in  which  y  =  ^  d  is  the  distance  of  the  extreme  fibre  from  the  neu- 
tral axis  I  will  be  the  greater  as  ^  <f  is  the  greater.  These  con- 
siderations therefore  give  a  very  simple  means  of  comparing  the 
relative  resistance  offered  to  deflection  by  cross-sections  of  e^uivfr- 
lent  areas,  but  of  diiferent  figures. 

Taking,  for  examples,  the  equivalent  cross-sections  in  the  rec- 
tangle (Fig,  F),  the  ellipse^  and  the  x  girder  (Fig.  K|,  the  respective 

valnas  of  t-.  are^  for  the  rectangle, 
fd 


5<S0 
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id 


=  ^h(P  =  ibd.d=iAdi 


for  thib  ellipse,  the  are*  of  which  ia^vbd,  then  obtaiii% 
I      ^wb^ 


^~      id 


=  4Ad; 


for  the  X  cross -section,  if  tlie  brenilth  b  —  b'  o£  the  web  conueciing 
the  two  flanges  be  so  small  that  ita  area  may  be  neglected  in  esti- 
mating tbe  quantity  I,  and  in  like  manner  the  tMckneaa  d  —  d'  of 
the  flanges  be  also  so  small,  as  compai'ed  with  d^  that  it  may  also  be 
neglected  in  the  same  way,  then  the  value  of  I  will  nearly  approaeli 
to  the  quantity  ^  A  ^,  in  which  A  is  the  area  of  the  flanges,  ther^ 
fore 

Comparing  the  three  values  above  of  t— ,  it  is  apparent,  that^  A 

being  the  same  in  each^  the  croBs-^etition  of  greatest  resistance  iB 
that  of  the  X  form ;  and  that  of  the  rectangle  is  greater  than  in  tbe 
elli[iBe.     And  that  in  each,  A  remaining  the  same,  but  b  varrUiff 

inversely  as  d^  --.  will  increase  with  d.     This  ahows  that  the  maiiB 

of  the  fibres  Bhould  he  thrown  as  far  from  the  neutral  axisj  which 
in  each  of  these  cases  is  ttiken  to  bisect  the  distance  c?,  as  the  linata 
of  practice  will  allow.  Hence  is  seen  the  advantage  presented  in 
the  cros,s  sections  «f  Figs.  G  and  H, 

p.  JShearirH/  JStrain,—This  term  in  applied  to  the  resistance  ofi*ered 
by  the  fibres  to  a  force  acting  in  a  plane  peq>endicu!ar  to  them,  as 
illustrated  by  Fig.  C  J  and  the  force  producing  the  stnin  is  termed 
a  nhfarinff  forre. 

The  result  of  tlie  action  of  snch  a  force  would  be  sucli,  for  ex* 
ami  lie,  as  would  be  seen  in  the  distortion  that  would  take  place  in 
a  very  short  bar  of  great  relative  stiffness,  like  a  nail  or  peg, 
whichj  firmly  fixed  at  one  end,  should  be  strained  by  a  force  acting 
on  t!ie  projecting  part  perpendicular  to  its  axis. 

Compamtively  few  experiments  have  been  made  to  determine  the 
amount  of  resistance  offered  to  this  kind  of  strain.  But  from  the 
evident  analogy  of  the  phenomena  in  this  case  to  those  in  the  casa 
of  the  direct  elongation  of  the  fibres,  writers  on  tlie  subject  have 
pfoiiosed  to  express  the  relations  between  the  distortions  of  the 
fibres  and  the  forces  producing  them  by  formulas  analogous  to  thoM 
for  the  forces  and  resistances  in  the  cmsee  of  direct  elongations. 
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Repreaent  (Fig.  C)  by 
L,  tho  origmal  length   of  any  fibre  a  b 

between  the  two  consecutive  planes  AB 

and  C  D* 
y,  the  distance  5  b*  which  every  point  of 

the  plane  C  D  has  moved  in  the  direc- 
tion of  C  D,  relatively  to  the  plane  A  B, 

owing  to  the  force  causing  this  displace- 

ment. 
£,  the  strain  on  any  fibre. 
%  the  area  of  the  crosa-aection  of  any  fibre. 
G,  a  constant. 

Now,  in  the  displacement  o{  a  b  from  the  position  a  h  to  a  h\^  it 
may  be  aasnmed  from  analogy,  that  the  resistance  to  this  displace- 
ment is^  on  the  one  hand,  proportional  to  a ;  and  on  the  other,  to 

^-j  which  is  the  meajsure  of  this  displacement  referred  to  the  unit 

of  length.     To  express  the  hypothesia  there  obtains 

in  which  G  may  be  considered  either  as  constant  for  any  elementary 
fibre,  or  as  variable  from  one  fibre  to  another.  In  either  case  there 
obtains 

t 


■=G|  (N) 


which  expresses  the  ratio  between  the  strain  on  the  unit  of  area  of 
any  fibre  and  the  displacement  of  this  area  corresponding  to  a  unit 
of  length. 

Repi'eaenting  by  T  the  entire  resistance  to  this  'displacement  of 
O  D I  by  A  its  area ;  and  assuming  G  as  constant  throughout  it« 
area,  there  obtains  from  £^.  (M) 


T=GA^ 


(O) 


It  has  been  proposed  to  call  the  quantity  E,  in  the  preceding 
analogous  expression,  moduluM  of  lonfjitudinal  eltuticity^  and  the 
quan^ty  G  in  this  modulus  of  lateral  elaaticiti/. 

So  far  as  determined  by  experiment,  the  ratio  of  the  two  quan- 

E 

tities,  or  -^  ,  diSers  but  Httle  from  3,  for  amorphous  bodies,  but  in 

fibrous  bodies  there  is  no  definite  ratio. 

From  the  preceding  discussions  it  will  be  seeui  from  the  hyp>th» 


MS 
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his  adopted,  tbat  the  result&nt  of  the  remfltttiioes  offered  bj  the 
longitudinal  and  kteral  elasticities  of  any  mftterial  to  a  strain^ 
caused  by  any  force  which  calk  into  action  these  two  reiistanoed« 
passes  through  the  centre  of  gravity  of  the  reaiating  section,  thia 
point  is  termed  the  centre  of  daiiidty, 

q.  LimiU  of  Om  resUiaiice  ofi  ilie  unit  of  area  to  a  longitudinal^ 
or  lateral  iPrain* 

By  moans  of  the  ^indamental  formulaa  (A),  (L),  and  (O)  the 
limit  of  the  strain  ou  the  unit  of  area,  at  the  fibre  where  the  atraia 
is  greatest^  caused  by  a  force  acting  in  tlie  plane  of  symmetry  of  the 
crOBS-sectiou*  whether  perpendicular  or  oblique  to  the  direction  of 
the  mean  fibre,  can  be  readily  determined. 

Supposing  the  force  to  be  oblique  to  the  mean  fibre,  it  can  be 
resolved  into  two  components,  one  P  perpendicular  to  the  direction 
of  tlie  fiiji'O,  the  other  Q  parallel  to  it.  Tlie  component  P  will  pro- 
duce a  deflection,  which  will  give  rise  to  a  certain  amount  of  com- 
pi-ession,  or  extension  in  the  extreme  fibre,  the  value  of  which,  for 
the  unit  of  area,  can  be  found  from  formula  (L).  In  like  manner 
the  component  Q  will  cause  a  certain  amount  of  compression,  or 
extension,  the  value  of  which,  for  tho  unit  of  area,  can  be  found 
from  the  formula  (A).  Now  these  strains  being  in  the  direction  of 
the  fibres^  tlieir  amount  on  the  unit  of  area  for  the  extreme  fibre, 
will  be  equal  to  the  sum  of  the  two  c-alculated  from  foi-mnlas  (A) 
and  (L) ;  and  should  not  be  greater  than  the  resistance  K  that  can 
be  offered  with  safety  to  the  unit  of  area  in  question ;  or 


in  which  -z-  is  the  distance  of  the  extreme  fibre  from  the  neutral 

axis ;  and  A  is  the  area  of  the  cross-section* 

The  component  P  is  also  the  amount  of  the  shearing  force  on  any 
eross'sectiou ;  and  the  resistance  to  it  on  the  unit  of  area  can  be 
found  from  formula  (O),  denoting  by  R^  its  limit  there  obtains 

tor  this  limit. 

If  the  strain,  therefore,  on  the  unit  of  area  is  in  the  one  case  l6M 
than  R,  and  in  the  other  less  than  R',  the  change  which  the  fibres 
will  undergo  under  the  action  of  the  force  will  be  within  the  limits 
of  safety. 

It  is  important  to  remark,  that  the  values  of  K  and  R',  when  tho 
sign  of  equality  is  used  in  the  two  preceding  expressions^  cannot 
always  ba  satisfied  in  practice  for  any  assumed  area  of  cross-BectloU| 
although  for  economy  of  material  it  is  desirable  they  should  be. 
Taking,  for  examplei  a  beam  of  a  rectang^dar  cross-section^  the  area 
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of  wliich  IB  expressed  by  b  d,  which  lb  deflected  by  a  pressure  W 
acUnj^  with  the  arm  of  lever  i,  the  two  preceding  expressions,  ia 
this  case,  taken  as  equalities,  become 

As  W,  /,  K  and  R'  are  given,  the  values  of  b  cP  and  d  d^  as  d^ 
termined  £rom  them  can  be  represented  by  the  equalities 


5  d*  =  m,  and  h  d  =^n; 


m 


hence,  dividing  the  one  by  the  other,  there  obtains  d  :^  — ,  and 

n*  ** 

b  =  —*     Kow  these  values  may  be  such  as  to  make  d  so  much 

greater  than  &  as  to  be  beyond  the  limits  of  practice ;  in  which  case 
a  value  should  be  given  to  rf,  such  that  the  value  of  6,  determined 
from  the  equality  6  c?  =  t?*,  shall  be  within  the  niles  of  practice,  as 
the  strain  &om  deBection  is  more  to  be  guarded  against  than  that 
from  the  sheitring  force.  Whilst  the  limit  from  deflection  should 
not  be  exceeded,  neither  should  that  from  shearing  be  dangerously  so, 

r.  Mdationa  between  the  strains  and  the  forces  producing  thenh 
in  tins  cane  of  straight  b^famSy  or  girdsrs  of  U7iiforrn  crosssectioJtt 
resting  on  tioo  points  of  ^upport^  in  whtch  the  forces  act  trans- 
verselg  to  tfte  meanfbre. 

The  case  here  given  finds  a  number  of  applications  in  the  combi* 
nations  of  straight  beams  of  timber  or  iron  in  framing ;  in  which  it 
may  be  necessary  to  find  the  reactions  of  the  points  of  support  from 
the  forces  acting  on  the  beam,  the  changes  caused  by  the  strains  on 
the  libres^  the  amounts  of  the  bending  mom^ent  and  the  shearing 
force,  with  the  view  of  so  proportioning  the  figure  and  area  of  the 
cross  section  ah  to  resist  the  greatest  strain  to  which  the  unit  of 
area  can  be  subjected  at  any  point. 

The  strains  on  a  beam, 
under  the  circiimstanoea  f||f.  Q 

above,  may  arise  either    w*  ** 

Irom  a  weight  or  pres- 
sure acting  at  one  point 
between  the  supports ; 
or  from  weights,  or 
prcRsures  of  equal  in- 
tensity xmiformly  dis- 
tributed along  the  en- 
tire length  of  the  beam ;  i  W 
or  from  both  of  these 

combined.  In  either  case  the  weights  or  pressurea  must  be  applied 
perpendicularly  to  the  mean  fibre  of  tho  beam,  and  the  reaction  ol 
the  supports  taken  vertioftU 


yVf 


X 


mi 
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Ca9€  1.  (Fi^jf^  Q)  Seam  resting  hmtontaUy  on  mipporU  at  ootfX 
erk/,  ami  strained  by  a  force  acting  perpendicular  to  the  meanJibTt 
at  lis  middle  poinL 

Represent  hj 
2  /,  the  distance  A  B  between  the  points  of  support. 
2  W,  the  force  applied  at  C  the  miLlcJle  point* 
X  aod  .Vi  the  co-ordinates  of  any  point  of  the  curve  A  D  B,  asanmed 

by  the  mean  fibre  under  the  action  of  2  W,  referred  to  tlid  axis 

X  and  Y,  through  O. 
f  =  E  Ij  the  moment  of  flexibility,  Eq.  (I'). 
^,  tlie  radius  of  curvature  at  any  point 

From  the  theorem  of  parallel  forces,  each  point  of  support  "will 
ftimiah  a  reaction,  expressed  by  —  W,  equal  and  contrary  to  tha 
components  W  of  2  W,  Then,' from  Eq,  (1%  there  obtains,  to  eac-* 
prens  the  relations  Ijetween  the  bending  moment  and  the  moment 
of  flexibility,  by  subatituting  W  (f  —  a;)  for  W«,  and  for  L,  iisc  =  §  « 

ia"       i     *    T" * — *  ^  ^ 

and  substituting  for  the  radius  of  currature  J,  the  value  ^^ — -j--^     -  ; 
there  obtains,  ^  ^ 


(■  ^  %)* 


=  _W(l-a:).  {%} 


rfv» 


Regarding  the  deflection  as  very  small,  —fj^  which  is  the  square  a£ 

the  tangent  to  curve  at  the  point  sb,  y,  may  be  omitted,  and  Eq.  (2) 
becomes 

•g-  =  -W(J-«).  (3) 

Integrating  Eq.  (3),  and  noting  that,  for  a?  =  0,  the  tangent  beoomei 

dy 
pi^raUel  to  the  axis  of  X,  and  ~-  —  0,  there  obtains 

Integrating  Eq.  f4),  and  noting  that,  for  aj  =  f,  y  =  0,  thew*  obtaina 


W 


Ix^ 


W  i* 


w 


y  =  -(-— +  ^)  +  --^  =^('-a^)(2^  +  2fc-^;C*) 


6 


6f 


wliioh  is  the  equation  of  the  curve  D  B  of  the  mean  fibre.     Th« 
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gtemiesi  ordinate  of  the  curve  C  D,  represented  hy/^  h  obtained  b^ 
making  a;  =  0,  Kq.  (5);  bence 


Com  2,  (Fig,  Q)  Strain  eurUing  from  a  weight  or  prMture  w, 
unHhrmly  distributed  aver  each  unit  of  length  of  2  L 

In  this  case  tbe  reaction  at  eacb  support  will  be  —  «» ^,  and  ia 

equal  and  contrary  to  either  of  the  two  parallel  oomponentB  of  2  to  /, 
*he  total  weight. 

For  any  distance  I  —  x  from  B,  the  weight  will  be  w  {I  —  a?)  acting 
downward  ;  the  fibres  therefore  at  tbe  cross-section  at  the  point, 
X,  Py  will  have  a  strain  caused  by  —  ty  ^  acting  upwardsj  and  w  (I 
—  x)  acting  downwards.  The  moment  of  the  force  of  reaction  will 
he  —  wl  [I  —  x);  and  that  of  mj  (/  —  x)  will  he  w  (I  —  x)  ^  {I  ^  x) 
^  i  w  (I  —  x)'.  The  bending  moment  tlierefore  will  be  tbe  algebraio 
Bum  of  these  two.     Eq,  (3)  then  becomes 


d*g_ 


=  ^w{l^xY-wl{l-x)^-^w{P-^).  (6). 


Hence^  by  the  same  prootssses  of  integration  as  in  Cafle  1, 


2  >/  ^  24 


24 

A  comparison  of  the  value  obtained  tor  f^  the  greatest  ordinate, 
from  £q.  {9),  and  fory,  obtained  from  the  following  eqnation, 

which  is  the  equation  of  a  parabola,  obtained  by  omitting  x*  in  Eq, 
(9)^  the  greatest  value  of  which  is  ^',  as  small  with  respect  to  5  /% 
will  ahowthat  the  latter  equation  may  be  substituted  for  the 
former,  as  that  of  the  ctirve  A  D  B, 

From  either  of  tbe   two  preceding  Eqs,  there  obtainB^  for/oor* 
responding  to  ac  =  0, 

^^  24  ~^' 
To  ascertain  the  position  of  the  cross^ection  where  tbe  greatetl 
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amount  of  this  strain  on  the  unit  of  area  obtains,  it  will  be  oece* 
fiary  to  examine  the  values  of  the  bending  moments 

—  W(f  —  cb),  and  —  i  to  (^'  —  a?'), 

In  the  two  preceding  cases.  Each  of  these  will  be  greatest  fof 
SB  =  0.  Having  this  greatest  value,  its  relation  to  the  limit  R  cast 
be  found  by  the  process  already  given. 

The  shearing  force,  which  ia  W  in  the  one  case,  and  w  x  in  the 
other^  for  any  cross-section  at  tlio  distance  x  from  B,  it  is  seen 
will  be  constant  throughout  in  Case  I ,  but  variable  in  Cow  2. 
Having  its  greatest  value  for  a:  =  ^»  in  the  latter. 

Taking  the  value  of  J\  or  the  greatest  amotrnt  of  deflection  in  the 
two  cases,  it  will  he  seen  that,  supposing y^  the  same  in  both,  W  = 
f  «7^,  or  that  the  value  of/* obtained  from  the  force  2  wl^  uniformly 
distributed,  would  be  obtained  by  |  w  acting  at  the  middle  point  G-^ 

If  it  were  desired  that  the  greatest  longitudinal  tension  on  tlia 
unit  of  area  should  in  each  case  be  the  same,  then  the  greatest 
values  of  the  two  bending  moments  W  (/  —  a:},  and  ^  to  (r  —  a^)^ 
must  be  equal,  or, 

W  ^  =  !«?;»,  hence  W  =  i  w^; 

which  shows  that  the  greatest  longitudinal  tension  on  the  unit  of 
area  when  tlie  weight  is  uniformly  distributed  is  tlie  same  as  what 
would  arise  from  half  this  weight  acting  at  the  middle  point  C. 

It  is  easy  to  apply  the  Eqs.  in  the  preceding  cases  to  the  one  in 
which  there  is  weight  2  W  actiDg  at  the  middle  point,  and  one  2  to  I 
luuformiy  distributed,  by  remembering  that  the  forces  of  rea<s 
tlou  at  A  and  B  wOl  be  represented  in  this  case  by  W  and  w  ll 
Hud  that  the  bending  moment  for  any  cross-section  will  be  the 
algebraic  sum  of  the  bending  moments  given  in  the  two  precediiig 
cases* 

Ca$e  3.  (Fig.  K)  JBcam  hmnnff  Ui  iwo  enth  firmly  hdd  doum  €m 
its  supports ;  as,  for  example^  a  beam  hamng  Us  mds  embedded  in 

In  this  case,  the 
strains  are  prochice4 
by  a  force  2  W  act- 
ing, as  in  Case  1,  at 
the  middle  point| 
and  one  2  to  2  uni- 
formly distributed 
as  in  Case  2.  The 
circumstancos  differ* 
ing  from  the  other 
two,  in  that  the 
ends  of  the  beams 
are  supposed  to  b« 
held  in  a  hoi  ixontaJ 
condition  may  bo  sup- 


unf/  manner  in  two  parcdld  icaUs, 


Ilg.E 


w*  ul 


W*tcZ 


IW 


position  by  being  firmly  embedded.     This 
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posed  ta  aris©  from  forces  acting  vertically  upon  the  emlpfidde*! 
etidn  beyond  the  pointa  of  support  A  B. 

With  respect  to  either  of  these  forces  as  the  one  at  the  end  towardi 
B,  which  may  be  represented  by  Y,  it  can  be  tran^iferred  to  the  point 
B  by  substituting  a  couple,  in  the  usual  nianjier,  the  moment  of 
which  being  unknown  may  be  represent'ed  by  /x.  With  respect  to 
Yj  it  will  be  determined  by  the  consideration  that  the  reaction  at 
each  support  will  he  W-^  to  I, 

Adopting  the  same  notiition  as  in  Caaei  1  and  2,  the  relation  be- 
tween the  moment  of  flexibility,  for  any  cross-section  at  the  dis- 
tance a?  from  B,  the  bending  moments,  and  the  moment  of  th^ 
couple  fA,  wiU  be  expressed  by, 

10-=  -  W  (I  -  a?)  -  wl  {l-m)+i  w{l^  xy-hy. 
^  -  W(^-i»)^iw(^-aO+fi^,(10) 

Integrating  between  the  limits  of  Xf  and  x  =  0,  there  obtainB| 

.^  =  _w(&-f')-i.(r«-|)  +  ..,(n) 

But  as  the  tangents  to  the  curve,  both  at  B  and  C,  are  homonUl, 

3^  =  0,  for  the  values,  a:  =  0  and  sb  =  /.  Prom  this  last  limit 
das 

therefore,  there  obtains,  from  Eq.  (11), 

o  =  -fwr-i«yr  +  ^^, 

hence 

Substituting  this  value  of  /ji  in  Eq.  (11)  and  reducing,  there  obtains 

=  -lW(te-*')-t«>(iV-a)');(12) 
Integrating  £q.  (12),  uid  noting  that  for  as  a:  2,  y  =  0,  there  obtaina, 


te* 


IV 


•y  =  4W(__  +  ^  +  ^)  +  i»(-— +  -+-).  (13) 

for  the  equation  of  the  curve  A  D  B. 

Substituting  X  =  0,  in  Eq.   (13),  the  correspoaiding  value   fot 
y  =/beoomes 
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From  this  vEhie  of  y*  it  mil  be  seen  that  it  ib  the  same  as  if  ou^ 
halt' of  the  pressuro  uiiifomily  distributed  bad  been  concentrated  At 
the  irdildlo  i>oiiit ;  and,  by  making  w~0  and  W  =  0,  respectively, 
ill  it,  that  the  corr<3Sj)onding  values  of  /  obtained  will  be  in  ih« 
felfttioiia  of  4  and  5  respectively  to  1,  as  compared  with  ^  io  th« 
precediijg  cJiaeA. 

Hubfititutiiig  in  Kf^  (10)  for  jui  its  valuei 

there  obtains  for  the  bending  moment, 

•  0  =  -  T  <'--  *^  -  * "  <^-'*')'  W 

From  an  examination  of  this  equation  it  will  be  seen  that  it  It 
eBsentiidly  negative  for  oc  ^==  0,  and  that  as  x  increases  its  absolute 
value  deureasesy  up  to  a  value  x^  of  m  for  which 

-5{t-2a/)-iw(r-3af")=0; 


and  which  equation,  solved  with  respect  to  aj',  will  give  one  positive 
root,  comprised  between  the  limits  of  ^  /  and  ^— ;  the  first  corre- 
sponding to  w  =  0,  and  the  second  to  W  —  0.  With  regard  to  the 
root  x'  of  the  preceding  expreseion,  as  it  corresponds  to  the  value 

—^  =  0,  it  shows  that  there  wOl  bo  a  point  of  inflection  in  the  curve 

corresponding  to  the  abscissa  rr^;  and,  beyond  this  point,  that  Eq, 
(a)  changes  its  sign »  and  continues  increasing  in  value;  and,  as  the 
greatest  negative  value  corresponds  to  a?  =  0,  and  grenteat  positive 
value  to  flj  =  /,  it  will  be  seen,  that  since  these  values,  which  are 
respectively, 

-iy^l-ifoP.nndiWl  +  iwl' 

are  the  one  minus,  the  other  plns^  the  greatest  strains  on  the  unit 
of  area  of  the  cross-sections  will  therefore  he  at  B  and  D  j  the  lower 
half  of  the  cross-section  being  compressed  at  B,  whilst  that  at  I^  is 
in  a  state  of  tension. 

The  strains  from  the  shearing  force,  at  any  cross-sectiou,  will 
arise  from  the  two  forces  W,  and  w?  (^  —  a?) ;  and  as  the  introduction 
of  the  moment  ft  of  the  couple  does  not  affect  these  values,  it  will 
have  no  elVect  on  these  strains  whicli  will  be  due  alone  to  them. 

S.  Beam9  s^/pported  at  Uiree  points  in  lAe  liame  ri^hi  line^  cvikl 
izcted  upon  by  presturu  distributed  in  any  mamMf  perpendietUofr  U  ^ 
th€  mean  Jibr&^ 
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When  a  rigid  beam  rests  upon  tLree  or  more  supports,  in  the 
same  right  line,  the  ordinary  rules  of  statics  dc  not  furnish  the 
means  of  determining  the  amount  of  pressures,  and  consequent 
reaction,  at  each  point  of  support,  arising  from  pressures  iictin;* 
upon  the  beam ;  the  problem  ili  such  a  case  being  indeterminate. 

Taking,  for  example.  Case  2  of  a  beam  resting  on  two  supports, 
and  having  a  weight  uniformly  distributed  along  its  length,  it  Las 
been  shown  that  each  support  bears  one  half  the  distributed  load; 
and  that  the  deflection  of  the  mean  fibre  at  the  middle  point,  repre- 
sented by  /',  is  the  same  as  the  beam  would  take  were  ^ths  of  the 
load  acting  alone  at  the  middle  point.  Now,  when  the  beam  is  in 
this  condition,  it  is  clear  that  the  pressure  upon  a  suitport,  in  con- 
tact with  it  at  its  middle  point,  would  be  zero ;  and  if  the  support  is 
raised  so  as  to  bring  the  middle  of  the  beam  into  some  position 
intermediate  between  C  and  D,  the  pressui'e  on  it  would  be  a  certjvin 
portion  of  the  entire  pressure,  whilst  each  extreme  stipport  would  be 
relieved  of  a  certain  corresponding  portion  of  this  pressure,  and  so 
on,  until,  the  point  of  contact  being  brought  in  the  same  right  lino 
with  the  extreme  supports,  the  intermediate  support  would  evi- 
dently counteract  the  total  pressure  at  C  to  which  the  deflection  ia 
due  ;  which  being  ^ths  of  the  entii-e  load,  the  reaction  of  the  middle 
pnpport  would  be  equal  to  this.  The  two  extreme  supports,  in  like 
manner,  would  furnisih  a  reaction  equal  to  the  remaining  f  ths,  or 
^ths  oif  the  total  load  for  each. 

Com  1.  (Fig.  8.)  Seam  resting  on  Uweepoinia  of  support  in  the 
uame  fight  line  dividing  the  lengtfh  into  two  uneqtud  segments. 

Let  each  segment^  A  B,  B  C  be  supposed  to  be  strained  by  a 


,$ 


♦  P 


load  uniformly  distributed  along  its  length,  but  of  unequal  intenaitj 
on  the  unit  of  length  in  the  two. 
Eejircsent  by 

2  r  and  2  Ij  the  respective  lengths  of  AB  and  B C; 
u?,  and  m/,  the  pressures  on  the  unit  of  length  of  2  T  and  2  I  re» 

spectively ; 
Q'  and  Q,  the  forces  of  reaction  at  A  and  0 ; 
r,  the  force  of  reaction  at  B ; 
X,  1/,  the  co-ordinates  of  any  point  in  either  segment  referred  w 

the  rectangidar  co-ordinate  axes  having  B  for  origin  ; 
w,  the  angle  which  the  tangent  to  the  curve  at  B  makes  with  tbi 

*uds  of  X« 
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In  this  case  the  forces  of  reactions,  Q',  Q  and  P,  Bre  mmong  Um 
qnantities  to  be  determined  from  the  conditions  of  the  question. 

As  the  total  load,  or  pressure  2  u/  V  and  2  to  ^  on  each  a^menf 
respectively,  may  be  regarded  as  acting  at  the  middle  point  of  the 
segment,  and  as  their  sum  is  equal  to  the  sum  of  the  forces  of  r» 
action ;  from  the  principles  of  statics,  there  obtains  the  relations, 

Q'  +  Q  +  p  =  2  ti/  r  +  2  wZ,  (a) 
Q'  X  2  r  -f  2  to  ^  X  Z  =  Q  X  2  Z  +  2  «/  r  X  ^';  (b) 

in  which  Eq.  (a)  expresses  the  relations  of  the  sums  of  the  forces ; 
and  Eq.  (b)  that  between  their  moments  with  respect  to  the  point 
B. 

Referring  to  Eq.  (6),  Octst  2,  §  r,  there  obtains,  to  express  the 
relation  between  the  moment  of  flexibility  for  any  cross-section  of 
the  segment  B  C,  at  the  distance  x  from  B, 

.0  =  it«,(2Z-«)«-Q(2i -«);(!) 

integrating  between  the  limits  of  a;,  and  9  =  0,  and  observing  that 

dy 
for  the  latter  limit,  -j-  =  tan«  co  ;  and  that  the   constant    intro- 

dx 

iuced  by  the  integration  becomes  %  tan.  6J ;  there  obtains 

s^=  i  to(4r«  -  2  Z»«+ ^)^q(!2  Z»  -  ^)+ s  tan.  oi;  (2) 

integrating  Eq.  (2),  there  obtains 

ny  ^\w{^Vx^-\l7*  +  ~^-Q /;«•-—)+ »tan.a>«,  (3) 

for  the  equation  of  the  curye  of  the  piean  fibre  of  the  s^^ent 
BC. 

By  simply  changing  t/?,  Z,  Q  to  correspond  to  the  notation  for  the 
segment  A  B,  and  +  ^  tan.  oj  into  —  s  tan.  u,  in  Eqs.  (1),  (2)  and 
(3),  the  same  relations  will  be  obtained  for  the  segment  A  B. 

But  since,  for  x  =  0  and  x  =  2  2,  y  becomes  zero,  there  obtains 
by  the  substitution  of  a;  =  2  Z  for  the  segment  B  C,  and  x  ss  2  I 
for  the  segment  A  B,  the  relations, 

0  =  2  t/7  ^  —  f  Q  r   +  2  e  tan.  00  /.  (c) 
0  =:2ti/r-|Q'r'-2etan.  odI'.  (d) 

From  Eqs,  (a),  (b),  (c)  and  (d),  by  the  ordinary  process  of  elimni>» 
don,  the  quantities  P,  Q,  Q'  and  tan.  cj  can  be  reiadily  found. 


A?rs!n>iz. 
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Supposing  w  =  w'  and  I  —  V  \  then  there  obtains  Q  ==  Q',  ami 
tan*  w  =  0,  since  the  two  segments  become  symmetrical,  and  the 
tangent  to  the  ciirve  at  B  parallel  to  the  axis  of  X.  Making  theae 
Bubstitutions  in  Eqs,  (a)  and  (c),  there  obtains 

2  la  ^  =  I  Q  f',  (c'} 
By  elimination  betVeen  these  two  Eqs.!  there  obtains 

Q  =  f  tx?  /  :^  tV  (^^  0»  ^^*i  ^  =  S  (^  «» 0* 

wHoh  are  the  same  yalnea  as  already  given  in  the  second  paragraph 
af  this  section. 

t.  (Fig,  T)  Beams  rtsting  upon  any  number  of  itUerTnediais 
points  ofsttpport  beiween  their  two  mdt^  hailing  i^mr  segmerUa  tmi- 
formly  loaded. 

The  same  processes,  followed  in  the  preceding  sections,  find  their 
applications  in  the  cuBes  that  fall  under  this  section;  the  only 
di&culty  being  in  the  complex  character  of  the  solution.  To  avoid 
thifl^  the  expedient  has  been  adopted,  instead  of  finding  the  values 


H- 


of  the  forces  of  reaction  at  the  points  of  support  directly,  aa  in 
8  s,  to  use  the  bending  momenta  taken  with  respect  to  the  crosa- 
sections  at  the  points  of  support,  as  auxiliary  unknown  terms, 
and  from  these  to  determine  the  forces  of  reaction,  and  also  the 
bending  momenta  and  abearing  forces  for  any  intermediate  pointa 
between  the  supports. 

Let  A  B  and  C  be  any  three  of  the  consecutive  pointa  of  sup* 
port  of  a  beam,  all  of  which  are  in  the  same  right  line.  Repre- 
sent by 

I  and  l\  the  segments  A  B,  B  C ; 

ti7,  w\  the  pressures  on  the  unit  of  length  of  I  and  V  respectively ; 

X',  X'',  X'  ,  the  bending  momenta  for  the  cross-sectaons  at  A,  B 
and  C  respectively ; 

x^  y,  the  co-ordinattts  of  any  point  of  the  segment  I  referred  in 
rectangular  co-ordinates  having  A  for  oiigin. 

Taking  a  cross-section  at  any  point,  at  the  distance  x  from  the 
origin  A,  the  weight  uniformly  distributed  over  the  length  {I  -  «) 
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and  its  moment  will  be  —  ^  to  (i  —  «'),  estimating  the  direction  ol 
the  rotation  from  A  X  towards  A  Y  as   positive.     Then,    in  the 
expression  of  the  bending  moment  for  this  point,  there  will  enter 
this  momt^nt,  and  also  the  moments  of  all  tlie  other  forces,  arising 
from  the  reactions  of  the  points  of  support,  and  the  pressures  dis 
tributed  uniformly  over  the  different  segments,  from  A  toward** 
X ;  the  niouients  of  which  last  forces  will  be  expressed  in  terms 
contiiiniiig  the  fi i*st  degree  of  x  only  and  constiinta;  so   that,  defi^ 
nitively,  the  bencing  moment  for  this  cross-section  will  be   of 
form  A  +  Bj;  —  4ti»ap';in  which  A  and  B  are  constants,  to  be^ 
subsequently  found* 

Taking  th<m  the  general  Eq*  between  iha  moment  of  flexibOitj 
and  the  bending  moment,  thei-e  obtains, 

Integrating  between  the  Emits  of  x  and  z  =  l,  and  representing  1 

rfl/ 

K'  what  -J-  becomes  for  a;  =  0 ;  and  by  K"  for  sc  =  f,  in  determining^ 

the  value  of  the  constants  of  integration,  there  obtains 

,  (^-K')=Aaj  4-  iBaf'-^wa?*.  (2) 

f  (K'-K')  =  A  I  +  i  Bi*  -  f  tt^i-.  (3) 

Integrating  Eq.   (2)  again,  between  tbe  limits  x  =  0^  and  x^^^l^ 
there  obtains 

-  s  K'=  J  A  f  +  t  B  V-  ^w?.  (4) 

Eliminating  K'  between  Eqs,  (3)  and  (4),  there  obtains 

iK"=|AI  +  iBr^iwft(6) 

By  placing  the  origin  of  co-ordinates  at  B,  the  bending  moment 
for  any  cross-wection  in  the  segmeut  B  C,  will,  in  like  manner,  tak«^ 
the  form  A'  -f  Wx  —  ^  w^  x*f  by  using  the  same  procesnes  as  in  the 
segment  A  B ;  and  from  thesie  it  will  be  seen,  that  there  will  be  the 
w^lation,  analogous  to  Eq,  (4),  shown  by  the  ex[ires8ion, 

f  K"=  J  A  f  +  t  B  r  -  ^  la'  l\  (6) 

Eliminating  K"  between  Eqs,  (6)  and  (6),  there  obtains 

^  A  i  +  *  A  r  +  i  B  p  +  i  B'  r«  --  i  U7  f  -  ^  «?*  r'  =  0.  (7) 

Now  the  quantitiea  A,  B,  A',  B',  can  be  expressed  in  terras  Oi 
X',  X' ,  X";  for  the  function  A+  Bas  — ^ «?  a^ should  ha?e  tbtsamr 
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mlues  as  X  and  X''^  for  a  =0  and  a?  ^  ^ ;  making  these  aubntitutionf 

for  a;  in  thk  function,  there  obtaina 

A  =  X  foi  a?  =s  0 ;  and  A  +  B  i  —  ^  ta  ^  =  X",  for  a?  =  /, 
Heuce 

A  «  X ,  and  B  =  i  tt?  Z  +  ^  J^\  (a) 

In  like  manner^ 

AV  X ',  and  B'  =  i  w  t-h^-^f^*  (b) 

Substituting  these  values  of  A^B,  A',  B'  in  Eq.  (7),  there  obtains 

I XW  +  i  X'  {I  +  0  +  i  x'**  r+  A  icP+  ^ ti;'r=  0; 

ueucei 

X'  ^  +  2  X"  {l  +  n+  X"'  r+  J  (u»  !•+  w  n  =  0;  (c) 

which  expresses  the  relation  between  the  bending  momenta  for  any 
three  consecutive  points  of  support. 

This  strikiug  theorem  furninhes  the  means  of  obtaining  the  re- 
lations between  the  bending  moments  for  any  number  of  cross-sec« 
tioiiB  on  consecutive  points  of  support.     Supposing  u  -f  1  to  be  the 

number  of  confiecntive  supports,  i*epr©sented  by  A^,  A,,  A, A^^t, 

A,_i,  A,;  and  the  corresponding  bending  moments  by  X<>?  X„  X,, 
...•X^_i,  Xj.  It  will  be  apparent,  in  the  first  place,  that  from 
the  conditions  of  the  problem,  the  beading  moments  X«  and  X,  of 
the  two  extremities  must  be  zero ;  and  that,  therefore,  the  qnan- 
titles  alone  to  be  determined  will  be  from  X,  to  X.^,,  or  n—  1  un* 
known  terms.  To  find  theae  it  will  only  be  necessary  to  apply  Eq. 
(c)  sucoe»sively  to  each  consecutive  pair  of  segments  to  obtain  the 
numt^er  of  e^jnations  from  which,  by  successive  elimination,  Xj,  X^, 
etc.^  can  be  found. 

Having,  in  this  manner,  determined  the  bending  momenta  X|  for 
the  coritespontiing  points  of  support ;  that  for  any  poijjt,  between 
two  supports,  of  an  intermediate  segment,  can  be  found  ;  and  the 
ecjuation  between  it  and  th«  moment  of  iiexibility  be  deduced ;  by 
determining,  from  Kq.  (a),  the  values  of  A  and  B  corresponding  to 
this  segment,  and  substituting  them  in  Eq.  ( 1 ).  The  tinal  equa- 
tion determined  by  integrating  the  equation  twice,  will  give  the  relic- 
tions uetween  x  and  v  of  the  curve  of  the  mean  fibre  in  this  segment. 

Appllcalions  of  ^ortrnda  (c). — This  formula  can  be  applied,  first 
to  t)nd  the  bending  moments  at  the  points  of  support ;  and  second^ 
from  their  valuen  to  deduce  the  pressures  or  reactions  at  those  points. 

fW«  l.  Beam  resting  on  three  points  of  support  at  equal  dis- 
tances npart, — ^This  case,  which  has  already  been  eonaidered,  is 
repeated  here  to  compare  more  directly  this  method  with  the  one 
treated  in  §  b>     In  this  case,  the  quantities  represented  by  L  l\  m^ 
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w^  Eq,  (c)  beoame  respectively  2  I  and  w;  and  X',  X"'  aie  i 
zoro.     Making  these  changes^  tLere  obtaina, 

2  X"  (2  ^  +  2  I)  -hi  (Sufi^-i-Buf  P)=^  0,otSX'1  +  ^^==  0 
hence  X'  =s  —  ^  to  ^. 

But  from  Ec,  (1),  §  g,  making  x  =  0,  the  value  of  the  bendi  ^ 
moment  for  the  intermediate  point  of  support  ia2Q2  —  2u>r,  bj 
changing  the  signs  of  both  members  of  the  equation  to  conform  tc^l 
the  foregoing  value  of  X',     Equating  these  two  values  of  the  bend- 
ing moment,  there  obtains, 

2Q.l^2wi^=-iwl\  hence  Q  =  I  wl  =  ^  {i  w  I), 

which  is  the  same  value  as  before  found. 

<7aw  2.  J^mm  rtsiing  on  four  points  of  Bupport^  the  two  i„„  ,,.. 
mgmenU  heinff  eqwd  and  U^e  middle  ane  unequal  to  eitftmr  of  th^ 
oQ\er9^ 

Let  A,  B,  0,  D  (Fig.  U)  be  the 
Hrf,  TJ  four  points  of  support ;  the  segment^ 


t L 


A  B  =  C  D*  Kepresent  the  seginentfl 
A  B,  C  D  by  ;,  and  B  C  by  n  ; ;    by 

1  T  tt7^,  w^  w^  the  pressures  on  the  units 


^  of  length  on  the  segments  A  B,  B  G, 
C  D  respectively. 
First,  to  find  the  bending  moments,  Xj,  X^j,  for  the  cross-sections 
at  B^  C  there  obtains  &om  Form,  (c),  for  the  segments  A  B,  B  C| 

2  X,  (i  +  n  Z)  +  X,  n  I  +  J  (tt^i  /•  4-  f^,  n*^)  -  0,  (x) 

BE  X^,  =  0 ;  and  for  segments  B  O,  0  D, 

Xi  ;*  /  4-  :3  X,  (i  +  n  0  +  i  («?.  «*  '^  +  «?•  0  =  0,  (y) 
as  X,  =  0. 

Eliminating  between  Eqs,  (x),  (y),  there  obtainsy 


x.= 


^^-p^jy^^-j3^j[n«,.-««(2  +  «)«.-2(l+ «)«,!  (m) 


X,= 


Taking  now  the  general  expression  for  the  bending  momenfe,  X, 
at  any  point  of  the  segment  C  T^^  which  is  of  the  form^ 

X  =  a  4-  ^  »  —  i  «>,  X*, 

uid   leter mining  the  values  of  a  and  ^,  as  in  Eqs.  (a),  (b) ;  and 
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mftking  X  ^  0,  for  a?  ^  0  ;  and  X  —  X„  for  x  —  ^  |  the  ^alum  of 
IB  being  estimated  from  D,  there  obtains 

whicli  mibstituted  in  the  preceding  expression,  there  obtoina 

X=(^ +  !«?,?)»- i«^»'.  (o) 

In  like  manner,  for  the  segment  C  B,  estiioating  the  x^b  £rom  C| 
the  general  value  of  X  takes  the  form 

X.  =  a.'  +  fi'x,-^U,,U?,i 

determining  a^  and  ^'  from  the  conditions  that  for  a?  =  0,  X  =  X^, 
and  for  or,  =  n  /,  X  =  X I ;  there  obtains,  after  eliminating  a,\  p\ 

X  =  X,  +  ('3i^  +  J  M,,„/)x, -*«;,«»,.  (p) 

For  the  segment  A  B,  estimating  the  x^s  from  A,  by  a  simple  change 
of  the  notation^  placing  X,  for  X^^  and  Wx  for  w^  in  the  value  for 
X  for  the  segment  C  D,  there  obtains 

X  =  (^  +  i«,i)«,-itf.<r'^  (q) 

Now  the  object  of  the  proposition  may  be^  either  to  find  the  re- 
action at  the  points  of  support  as  in  Case  \\  or  to  find  the  strain 
on  the  unit  of  area  at  any  cross-section*  In  the  first  case,  the  mode 
of  proceeding  will  be  the  same  as  in  Case  1.  The  bending  moment, 
arising  from  the  force  of  reaction  regarded  as  unknown,  and  from 
the  total  force  distributed  over  the  fii^st  segment  which  is  known, 
must  be  placed  equal  to  the  bending  moment  as  given  in  the  Eq. 
(m),  and  fiom  the  resulting  equation  the  force  of  reaction  can  bo 
found.  In  like  manner,  the  difference  between  the  moments  of  the 
forces  of  reaction  at  A  and  B,  and  of  the  total  forces  on  the  two 
segments,  A  B,  6  C,  must  be  placed  equal  to  the  bending  moment 
given  in  Eq,  (n),  to  find  the  force  of  reaction  at  B.  The  same  pro- 
cesses must  be  followed  for  the  two  segments  1}  C,  C  B. 

In  the  second  case,  to  find  the  striiin  on  the  unit  of  area  for  any 
cross- section,  in  either  segment,  the  £qs.  (o),  (p),  (q)  must  be  used, 
as  in  Vases  2,  3,  g  r. 

Case  3.  Ta  determine  the  reactions  at  £/*«  points  of  svpp&rt  in  a 
beam  uniformly  loaded  on  each  unit  of  length  and  retting  on  Jim 
points  of  supp<^rt  at  equai  distane&i  apart. 
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Let  A,  B,  C,  D,  E,  (Fig.  Y)  be  the  five  points  of  sup^iort.  B» 
present  bj 

Z,  the  equal  distances  A  B,  B  O, 

S'  to,  the  weight  on  the  unit  of  length ; 

p*  p '  Py  the  force  of  reaction  at  the  mid* 

«         t  ^  t  p*         ^^  point  C ; 

5^  I  j  r       P',  P',  the  equal  forces  of  reaction 

T  i  i  I  1  at  the  point  B,  D ; 

A  B  c  D  E      p"^  p/'^  the  same  at  the  extreme 

points  A|  £ ; 
X',  X''y  the  bending  moments  at  B  and  C. 

.    Eesuming  £q.  (c)  and  appl3ring  it  successively  to  the  segments, 
A  B,  B  C,  and  B  C,  C  D,  there  obtains  for  the  two  first 

2X'(l  +  l)-{-X"l  +  i(tvP  -hwP),oriX.'  +  X"'^ifoP  = 
(0)  ;  and  for  the  two  B  C,  C  D, 

and  by  elimination, 

X'  =  -  A  w'  ^>  "^d  X"  =  -  ^wP. 

Now,  for  the  segment  A  B,  the  forces  acting  tipon  it,  to  produce 
deflection,  are  the  force  of  reaction  at  A  which  is  F",  and  the  weight 
10 1  uniformly  distributed  over  the  segment;  from  this  there  obtains, 
as  in  the  preceding  cases, 

For  the  segment  B  C,  the  forces  producing  deflection  ai-e  the  two 
forces  of  reaction  P",  P',  acting  with  the  respective  aims  of  lever  2 
I  and  I ;  and  the  two  equal  weights  to  /,  the  one  acting  with  the 
arm  of  lever  |  Z,  and  the  other  with  the  arm  of  lever  ^  ly  hence 

F".2l  +  T'l'^iwP''iwP=  4-  X"=  -tV«^^; 
hence,  substituting  for  P",  and  reducing, 

Having  determined  P"  and  P',  there  obtains,  since  the  sum  of  the 
forces  of  reaction  is  equal  to  the  entire  load, 

P4-  2r'+2T'  ^itvl.  .-.  F  =  ii(iwl). 

Case  4.  Suppose  that  the  beam  is  uniformly  loaded  and  reaiing 
on  n  points  of  support  at  equal  distances  apart. 
Let  I  =  one  of  the  equal  distances, 

w  =  the  load  on  a  unit  of  length, 

Xo,  X„  Xj,  etc.,  be  the  bending  moments  over  the  supports, 

^99  V„  Vj,  etc.,  be  the  reactions  of  the  supports,  and 

n  =  the  number  o^  wipports. 
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If  n  be  even  the  reaction  of  the  i  n*^  and  (}•  n  +  1)*^  supports 
will  be  equal,  and  if  n  be  odd  the  ^  (n  +  1)  will  be  the  middle  sup- 
port, and  the  reaction  of  the  supports  equidistant  from  the  middle 
will  be  equal. 

In  this  case  Eq.  (c)  becomes  when  n  is  even, 

0 
0 
0 


^yin^i  +  4X^.  +  X^.  +  i  u;P  =  0 

In  this  case  X^  =  0.      When  n  is  known  X„  X,,  etc.,  become  corn- 
pletelj  known,  after  which  Yq,  Y„  etc.,  maj  be  found. 

To  find  the  inclination  of  the  curre  at  the  ends  for  anj  number 
of  supports,  we  begin  with  the  general  equation  of  momenti| 
which  in  this  case  becomes 

Integrating  once  gives 

Integrating  again  gives 

But  y  =  0  for  a?  =  0  .-.  C,  =  0, 

AJsoy  =  Ofor«=s/  .-.  Cj  =  J-VoP  — ^ti^P 

Hence  f  2  =  tVo(P  -  3««)  +  ^u;(4««- P) 

And  f  y  =  i  Vo  (^»  —  «»)  +  ^  w  (a^  —  P a?). 

At  the  first  support  »  =  0,  and  -p-  =  tang,  u 


tang.i=[^Y.^fal]— 


At  the  middle  of  the  first  space  »  =  ^  Z,  and  the  deflection  at  thai 
point  is 

u.  Application  of  the  theormm  in  the  pfeoeding  eedUmt  to  eei^ 
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ttmiinp  the  effect  of  th€  internal  foreei  m  pmhuSng  §train*  an  tSs 

parts  compoitiuff  a  frame. 

Every  part  of  a  frjime  may  be  subjected  either  to  a  dirtct  At  rain  i 
of  compression,  or  extenHion,  from   im  external  force  acting  in  th«  j 
direction  of  the  fibres ;  to  a  strain  on  the  fibres  by  a  force  acting 
perpundicuh\r  to  them ;  or  to   one  ainaing  from  &  force  acting  ob- 
liquely to  the  fibres  so  as  to  produce  simple  deflection,  and  either 
ilirect  ext*jnRion>  or  compreasion. 

The  forces  themselves  may  be  classified  under  two  heads.  1st. 
ITiose  which  are  directly  applied  to  certain  fyointa.  2tL  Thoed 
which  am  tntiiKmittedj  from  the  points  of  apjdication  of  the  firat, 
through  the  iti termed iiim  of  parts  of  the  frame  to  other  pointa,  and 
which,  from  the  relationi>hip  of  the  parts  of  the  frame  to  each  oiher,  i 
can  be  found,  by  the  laws  of  statics,  when  the  first  are  given^  or 
can  be  deteniiined,  as  in  the  cases  just  examined  of  reactiooB. 

The  problems,  therefore,  which  present  themselves  for  solution 
in  this  section,  are  to  find  the  directions  and  intensities  of  th© 
foree.s  actinjij  on  each  piece  ;  and  to  determine  from  them  the  form  i 
and  dimensions  of  tiie  cross-section  of  each,  so  that  the  strain  oo 
the  unit  of  surface  sh^dl  at  no  point  be  greater  than  the  limit  al- 
lowed for  8nfi^ty, 

Cme  L  (Fig.  W,)  Beam  ruiinff  Ol  tfie  lower  end  upon  a  hori- 
ttmtal  s%ipportf  ami  at  tfte  upp0r  again$t  a  vertical  surface ^  and 
BiTMned  by  a  weight  applied  <U  ite  middle  point. 

Let  A  B  be  the  axis  of 
the  beam;  O  the  middle 
jwint  where  the  weight  'W 
11  applied.  Represent  by  /, 
the  length  A  B  ;  ^J  ^»  thi 
angle  between  A  B  and 
vertical    line    through    O5 

/     \  fy^y^^  ^'^*  "   ^'  *^^  horizontal  force  of 

feaotioii  at  the  point  BJ 
where  the  beam  rests  a 
the  vertical  surface,  audi 
which  is  ecjual  a4»d  contrary 
to  a  con  eKpouding  horizoii- 
tal  reaction  at  the  point  A, 
arising  from  a  shoulder  which  prevents  the  lower  end  from  moving 
outwards. 

As  the  couple  Hj  —  H  tends  to  turn  A  B  in  a  direction  contrary 
to  the  action  of  W,  from  the  conditions  of  euuiiibrium  their  mo- 
menta muBt  be  equal,  hence 


V 


HJ.W 


vw 


HxCD  =  WxAD. 


But  0  D  ^  B  E  -  /  ci?^.  ct ;  and  A  B  =r  j-  A  E  =  f  /  #tn.  a ;  ftnd 
mbstituting  these  valnea  in  the  preceding  expression,  there  obtainf 
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H  f  CM.  a  ==  W  J  ^  «n,  o,  /,   H  =  ^  W  tan-  a. 

The  beam  therefore  is  subjected  at  its  lower  end  to  the  for'^e  of 
vertical  r<^action  W,  ajid  one  of  horizontal  reaction  H. 

Kow  representing  the  force  W^  bj  the  line  A  b ;  and  the  one  H 
by  the  line  A  p  j  and  constructing  the  parallelograms  of  forces,  on 
these  two  lines  respectively  as  resultants,  having  the  components 
perpencHcular  and  parallel  to  A  B  ;  Ad  and  A  m  will  be  tbe  per- 
pendicular components  of  A  b  and  A  p,  and  A  e,  A  n  ihe  parallel 
components.  Finding  the  values  of  these  components  from  the  dia^ 
gram,  there  obtains 

A.  d  =  W  sin,  or,  A  c  —  W  coa.  a;  A  m  =  |  W  tan.  a  coa.  ot,  A  n 
=  4^  W  tan,  a  sin.  a. 

The  two  perpendicular  components,  it  will  be  seen,  act  in  a  con- 
trary direction,  and  therefore  the  strain  on  the  fibres,  arising  from 
simple  deflection,  will  be  due  to  their  difference ;  whilst  the  com- 
ponents along  A  B  acting  in  the  same  direction  will  produce  a 
dii-ect  strain  of  compression  on  the  fibres  due  to  their  sum. 

The  gi'eatest  value  for  the  bending  moment  will  evidently  be  for 
the  cross-section  of  the  beam  at  O  where  the  weight  W  acts, 
Therefoi'e  to  express  its  valne  for  this  pointy  there  obtains 

( W  sin*  a  —  J  W  tan*  a  cos,  a)  J  ?  ^  ^  W  sin-  a  I. 

Supposing  the  crotjs-section  of  the  beam  to  be  a  rectangle,  and 
reprevsenting  the  side  in  the  direction  in  which  W  acts  by  t/,  and 
the  breadth  by  6,  there  obtains,  §  q,  for  the  limit  of  the  strain  on 
the  unit  of  area  at  the  extreme  fibre,  due  to  the  defection 

For  the  strain  on  the  unit  of  surface  from  the  direct  compression 
arising  trom  the  sum  of  the  parallel  components,  there  obtaina 

„       W  cos.  06  +  J  W  tan.  a  sin.  a 

^  == Vd 

Now  taking  the  sum  R'  -f  R",  the  limit  R'"  of  the  strain  on  the 
ttnit  of  area  must  be  less  than  this  Mim,  or 

R"  <  R'  -h  R". 

In  the  preceding  example,  as  in  the  following  in  this  section,  th# 
rt^lative  dimensions  of  the  lengths  of  the  beams  and  their  cross-see 
tion  are  supposed  to  he  such  that  fy  or  the  greatest  ordinate  of  the 
curve  of  the  nie^n  fibre,  arising  from  the  deflection,  may  l»e  regarded 
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as  so  tmaH  tliat  the  direction  of  the  components  of  the  extemAJ 
forces  parallel  to  tliifl  fibre  aball  deviate  so  slightlj  from  a  riglil 
UnH  tliat  it  may  be  regarded  as  such.  In  any  other  case  the  mo- 
ment of  the  algebraic  Rum  of  these  components  would  have  to  be 
added  to  the  njouient  of  the  algebraic  sum  of  the  perpendicular 
coraponeuts  to  obtain  the  bt^nding  moment  In  practice  it  Im  eel- 
dom  that  this  is  necessary^  as  the  amount  of  deflectioti  allowed  i>_ 
alwa}^  very  small. 

Case  2.  (Fig.  X.)  Beam  Kavmg  <wm  end  solidly  fixed  and  mit 
ported  at  aonie  interfmdiale  paint  between  the  iwo  mul^^  extker  by 
another  inclined  beam  below^  or  by  a  bar  06000  iJt^  to  euitain  the 
action  of  a  weight  at  tlte  other  end. 

Let  A  6  be  the  projecting  portioD 
of  the  beam,  C  the  intermediate 
point  to  which  a  beam  D  C,  or  a  bar 
E  O  is  attached, 

Eepresent  by  W,  the  weight  act 
ing  at  B  perpendicular  to  A  B ;  A 
C  =  ^  and  B  C  =  /'  the  lengths  of 
the  two  segments ;  a^  the  anglo 
ADC, 

The  beam  being  held  in  itB  poin* 
tion  an<l  prevented  from  turning 
around  C  by  the  downward  vertical 
reaction  at  the  point  A.  Represent- 
ing thi«  force  of  reaction  by  W, 
there  obtains,  from  the  theorem  of 
parallel  forces, 

and  for  the  resultant  of  W  and  \^' 
which  acts  through  the  point  C, 


Bg. 


i 


^£]b 


W 


w*  V^  — 


W  +  Wj  =W 


l-^V 


Representing  this  resultant  by  tlie  line  C  b,  and  constructing  tlm 
parallel ograni  of  forces  in  the  direetionB  C  B,  C  D  of  the  Bxea  of 
the  beams,  there  obtains 


C6  =  W^4-^  tan.«;  Cd  =  W   ^ 


I 


I  COB,  a 


Taking  the  segment  A  C^  it  will  be  seen  that  ita  fibres  will  b« 
•trabied  by  the  force  W  -j- ,  acting  at  A  to  produce  simple  defleo 
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linn ;  ind  by  the  force  W  — j—  taiL.  a,  acting  in  the  direction  C  6, 

Ui  produce  direct  extension.  The  limits  of  the  Btmins  on  the  unit 
of  area  of  the  cros^-section  as  a  rectangle,  in  which  d  and  b  repro- 
Beni  the  sideS|  aa  in  the  preceding  case,  will  be, 


R' 


and  for  R'"  <  R'  +  R", 


andR' 


W — J —  tan.  a 


bd 


„,       6  W  r  I  +  r 


tan.  a. 


As  the  strain  on  the  lower  beam  Is  direct  compressloQ,  there  ob- 
tains for  this  limit, 

W  (J  +  V) 
V  d'  COS.  Oil 


R"< 


H 


in  which  V  and  d^  are  the  aides  of  the  rectangular  croas-aection 

Like  expresisdona  would  be  found  for  the  bar,  the  directions  of 
the  direct  strains  being  reversed.  Those  on  the  segment  A  C  being 
compreaaions,  and  those  on  the  bar  ext'eDdons. 

Case  3,  (Fig.  Y.)  Strains  an  the  parts  of  a  frame  of  three  beams 
origin^  from  a  pressure  at  ane  of  the  a/iignlar  points^  or  from  pft§' 
sure^  uniformly  distributed  over  the  lengtiie  of  two  of  tlie  parte. 

In  this  combination  the  beams 
are  united  at  the  angular  polnta 
bj  aome  of  the  usual  joinU  for 
euch  puqioses. 

Suppose,  in  the  first  place,  the 
beam  B  C  to  be  horizontal,  and 
to  rest  on  two  fijttjd  supports  at 
B,  C,  and  the  pressure  at  A  to  > 
arise  from  a  weight  W, 

Setting  otf  from  A  the  length  A  b  along  a  vertical  line,  to  repre- 
sent the  weight  W ;  constructing  on  this  line,  as  a  resultant,  the 
parallelogram  of  forces,  having  the  components  A  d,  A  C,  in  the 
directions  of  the  two  beama  A  B^  B  0 ;  and  denoting  the  anglei 
between  A  b  and  its  two  components  by  p  and  7,  there  obtains 


Ad  =  W 


AC=:=W- 


sm,/> 


ain,  (i?  +  7)  '   "^  ^        "  sin.  (p  +  q) 
If  J  from  d  and  O,  two  lines  d  m,  e  Q  be  drawn   perpendicular  to 


I 
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A  b,  tliey  will  be  equal,  and  will  represent  iKe  homontal  pressure 
ur  njiction  of  the  beams  at  the  point  A,  which  is  expresBed  by 


dm  =  c  13  = 


Bin.  p  Bm.  q  , 
gin.  {p  +  q) 


Now  as  the  pressures,  represented  bj  the  componenta  A  d,  A  O^ 
lire  transmitted  through  the  beams  to  the  points  B  and  G  respect- 
ively, they  can  each  be  resolved  into  two  components,  one  TerticaJ 
which  will  be  counteracted  by  the  points  of  support  B,  C  ;  and  one 
horizontal,  counteracted  by  the  resistance  offered  by  the  beam  B  O. 

The  vertical  component  at  B  is  evidently  equal  to  A  m,  and  the 
one  at  0  to  A  n  J  tlie  horizon tuJ  components  at  B  and  G  are 
equal  to  d  ra  ^  o  Ii<     From  the  diagram  there  obtains 


sm.  q  cos,  p         ^  sin,  p  cob.  a 


for  the  vertical  components,  or  pressures  on  the  points  of  supportkl 
When  the  angles,  p  and  q  are  equal,  there  obtains 


A  d  =  A  c  =  J 


W 


cos.^ 


;  dm  =  cii  =  |Wtiin.j9;  Am  =  An  =  f  W, 


The  straiiis  on  A  B,  A  C  will  bo  compresaiona ;  and  that  on  B  G 
extension.  Their  limit  on  the  unit  of  area  will  be  de terra iued  as 
in  the  pre^^eding  cases  for  direct  compresKion  or  extensioTi ;  which 
values,  however,  would  be  true  only  under  the  supposition  that  the 
relations  between  the  lengths  A  B,  A  C  and  the  areas  of  their 
cross-sections  were  such  that  there  would  be  no  strain  from  de* 
Bection, 

It  is  wel!  in  this  and  like  cases,  for  convenience,  to  note,  that  the 
two  triangles  A  d  b,  A  C  b  into  which  the  par&llelogram  is  divided 
by  A  b,  fire  Rimiliir  to  the  triangle  BAG;  that  the  peq>endiculAr3 
d  m,  d  n  divide  A  b  mUy  segments  which  are  respectively  propor- 
tional to  the  two  segments  into  which  B  G  is  divided  by  A  b  pro- 
longed ;  and  that  in  the  resohition  of  either  component  of  A  b,  aa 
A  d  for  example,  at  any  point,  as  B,  on  its  line  of  direction,  intO'^ 
components  [lerpendicular  and  parallel  jto  A  b,  the  two  components 
vnM  be  lespectively  d  Jn,  and  A  m,  which  ia  the  segment  of  A  b 
betwetn  A  and  d  m. 

In  the  case  of  an  equal  pressure,  «?,  on  each  unit  of  length  of 
A  B,  A  C,  represented  by  /,  L  respectively,  each  beam  may  be  re» 
garded  as  in  CVwe  1 ;  the  strains  arii^ing  from  the  vertical  pressuretl 
t0  I  and  w  I'  acting  at  the  middle  points  of  the  beama. 
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Cam  4.  (Fig.  Z.)  Roof  intss  framed  with  simts  avid  Hng-f.mt, 
The  atraiiiR  on  the  difierent  parts  in   this  and  like  eases  are 
OBually  due  to  a  weight  uniformly  distributed  along  the  raftei-a^  in 
whicsh  may  be  included  the  weight  of  each  rafter. 

The  strutB  E  D,  F  D  are  intended  tci  diminish  the  amount  of 
defection  of  the  rafters,  keeping  the  middle  point  of  each  in  the 
same  right  line  as  the  two  ends*  Each  rafter  therefore  will  be  in 
the  condition  of  a  beam  resting  on  three  supports  in  a  light  lino, 
in  which  |tha  of  the  component  of  w  I  perpendicular  to  the  rafter 
will  act  at  the  middle  pointj  and  i^ths  at  each  end. 


ywl 


iWl 


Representing  by  I  the  length  A  C,  B  C  of  the  rafters ;  by  w  the 
weight  on  the  unit  of  length ;  and  by  a,  the  angle  GAB  between 
each  rafter  and  the  tie-beam  A  B  j  then  the  normal  pressure  at  the 
middle  point  of  each  rafter  will  be  |^  t^  /  cos.  ft,  and  that  at  each 
end  -f^  w  I  COS.  a.  The  components  parallel  to  or  along  the  iiifters 
will  produce  direct  compression* 

Pre^mire  on  t/ts  ^Strut^. — This  pressure  will  arise  from  f  m  I  cos.  a. 
Representing  by  f3  the  angle  between  the  stmt  and  rafter,  and  by 
P  the  pressure  in  the  direction  of  the  stmt,  the  component  of  P 
perpendicular  to  the  railer  must  be  equal  to  the  normal  pre^ssure  on 
the  rafter,  or, 


P  sin.  0  :=|t9?oos.  a,  ,\  T  =  ^wl 


cos.  a. 


ain.  ^ 


Tension  on  king-post, — Tliis  tension  arises  from  the  downward 
pull  of  the  pressure  P  on  each  strut,  which  is  transmitted  to  the 
lower  end  of  the  king-post,  and  from  the  weight  of  the  tie-beam. 

As  each  strut  makes  an  angle  {0  —  a)  with  the  tie-beam,  the  compo- 
nent of  P  along  the  king- post  will  be  P  sin,  (/?  —  a),  and  as  the  king- 
post prevents  deflection  of  the  tie-beam  at  the  middle  poiiit,  the 
additioual  pull  on  the  part  of  the  king-post  above  the  lower  end  ol 
the  struts  will  be  f  W ;  in  which  W  represents  the  weight  of  thf 
tia>beaui«     Therefore  calling  the  total  pull  T',  there  obtaini, 

T  =|W'  +  2PBiii.(/S-a), 


^B4 


Venical  reaction  of  the  points  of  mippori  on  ifu  foc^  of 

rafter  from  the  weiglu  of  the  roofmvering  and  ti^-bearn,  _  ^  ^ 

Representing  by  W  the  verticiU  reaction  at  A,  B^  2  W  "wUl  avv 
•leDtly  be  enual  to  the  stun  of  2  i^  /  the  weight  of  the  roof-ooTertngy 
•un  of  I  W  which  is  the  pull  on  the  kiiig-post  from  the  weight  of 
vhe  de-beam  transmitted  to  the  junction  C  of  the  rafters;  thairtt 
obteitns  to  express  the  equality 

2  W  =  2  11?/  +  4  W.  A  W  =  lol-l-  A  W. 

Termmi  on  tlie  tie-beam, — The  forces  applied  to  the  foot  of  emch 
rafter  at  A,  B,  are  the  vertical  reactions  Wp  the  weight  ^wl^  and 
the  tenBion  on  the  tie-beam. 

Bepresenting  this  tension  by  T,  it  b  evident  that  the  difference 
between  the  components  of  W  and  T  normal  to  the  rafter  muiit  be 
equal  to  the  normal  component  ot ^^wl;  from  this  there  obtaiim 

W  cos.  a  —  T  sin.  a  =  3^  w  /  cos,  ot.   .%   T  =  (W  —  ^  to  /)  tan.  <t 

Wlien  the  weight  of  tho  tie-beam  may  be  disregarded  in  produc 
defleetion  it  will  be  subjected  to  the  strain  arising  from  T  alone. 

From  the  preceding  exprtfssious,  the  values  of  T  and  T'  caji  be 
obtained  by  substituting  for  the  valuea  of  P  and  W  respectively. 

The  strains  on  each  segment  of  the  rafter  A  C,  for  any  i 
tion,  will  arise  from  the  forces  acting  nonnally  to  the  segments  nt 
A  and  C  which  i>rcidiice  deflection,  and  fix>m  the  forces  acting  along 
the  rtifter  producing  compression  at  the  cross-section.  These  can  ba 
readily  found  in  a  similar  mauner  to  C<iee  1. 

Having  found  the  amount  of  strain  for  each  piece  of  the  frsane^ 
the  limit  of  the  strain  on  the  unit  of  area  of  the  ciH>ss^ection  can  be] 
determined  in  the  usual  way. 

Va-ac  5,  (Fig,  A^)  Hoof  truss  in  which  the  rafters  are  dimdedi 
into  ifiree  equal  segrttenls^  and  supported  at  the  points  of  division  6y  j 
struts^  tlte  lower  ende  of  which  are  supported  by  a  king  or  guemt^l 
post, 

B|f.A 


Vfl    A 


4  %sl 


Let  A  F,  F  JEJ,  E  C  be  the  three  equal  segments ;  F  G,  E  D  th« 
two  struts  supporting  the  points  F,Ejand  supported  at  their  lowei 
snds  by  the  tjueen  and  king-posts,  E  Gr,  0  D. 
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The  more  iisiml  manner  of  determining  the  amount  of  strain  on 
each  jmrt  of  the  truss  is  to  conaider  it  aa  composed  of  several  secon- 
dary triangular  fmmes  or  tiniBses  in  which  the  piece  common  to  any 
two  of  the  secondary  truBBes,  as  a  stioit  or  tie-beam,  for  example,  v$ 
Bubjected  to  the  strains  arising  from  the  compressions  or  extensions 
biou^ht  upon  it  from  the  forces  actLag  on  the  parta  with  which  it  U 
connected. 

Taking  the  half  A  C  D  of  the  primary  A  O  6,  it  may  be  regarded 
as  composed  of  the  secondary  trusses  A  F  G,  A  E  D,  E  C  D ;  in 
which  the  strut  F  G,  and  the  segment  A  G  of  the  tie-beam  form 
parts  of  the  two  first,  etc. 

As  each  of  the  equal  segments  of  the  i*after  bears  one-third  of  the 
weight,  ov  ^wl^  uniformly  distributed  over  it,  and  i&  supported  at 
its  two  ends,  the  support  of  each  end  will  sustain  one-half  of  this 
tliird  or  ^,  j[wl  =  ^w L  In  this  way  the  supports  A,  C,  bear 
lUrectly  f  wl',  and  the  two  F^  E  bear  ^w  L 

Now  each  of  these  triangular  frames  may  be  regarded,  as  in  Case  S, 
as  acted  upon  by  a  vertical  force  at  its  vertex,  the  effect  of  which  is 
to  produce  a  direct  compression  on  the  two  aides,  and  extension  on 
the  base*  To  fiud  the  amount  of  these  for  A  F  G,  construct  the 
parallelogram  of  forces  having  iwl  for  the  resultant,  and  the  com- 
ponents in  the  directions  F  A,  F  G.  Representing  by  a  the  angle 
FAG,  tliese  components,  &h  the  triangle  A  F  G  is  isosceles,  will  bo 

equal,  and  each  equal  to  ^  - — .     These  components  exert  compres 

sions  on  F  A,  F  G,  which  ai-^  transmitted  to  the  points  A  and  G. 

Here  the  first  is  sustained  by  the  vertical  reaction  of  the  point  of 

6up|>ort,  and  that  of  the  segment  of  the  tie-beam  A  G.     To  find 

w  I 
these  reactions,  resolve  ^ at  A  into  two  components,  one  ver- 

ticaj,  the  other  horizontal.     The  first  will  be  ^wl;   the  second 
ital  cot.  a.     By  a  like  process,  the  vertical  and  horizontal  com- 

wl 

ponents  of  ^  - — -  at  G  will  he  \  wl  which  is  sustained  by  the 

queen  post   E  G  and  transmitted  through  it  to  the  point  E,  thus 

|jroducing  direct  extension  on  the  queen-post  ^wl  cot.  a  j  and  the 

horizontiil  component  will  be  equal  and  opposite  to  the  one  at  A, 

and  will  produce  direct  extension  on  the  segment  A  G  of  the  tie^ 

beam. 

For  the  second  truss  A  E  D,  there  will  be  a  direct  force  ^  «?  /, 

and  the  transmitted  force  |  w  /,  or  ^wl-i-^wls^^wl  acting  at  E. 

wt 
This  resolved  in  the  directions  E  A,  E  D,  will  give  ^  -: — -  foi 


auil.a 


the  component  along  E  A,  and  ^ 


wl 


for  that  along  E  D 


am.  £  B  G 

These   two  components   are   transmitted,  through  the  rafter  anr 
ttrut   respectively,  to    the  points  A^  D,  and   are  there  counter 
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acted  by  the  reactions  of  the  support  A,  and  the  Ue-beam  on 
the  one  biiud,  and  by  those  of  the  king-post  C  J}  and  the  iSo* 
beam  on  the  atLei.  Tlie  extension  on  the  tie-beam  will  be  ^  te  I 
tan«  (t ;  the  vertical  pressure  at  A,  ^to  I;  and  the  pull  on  the  king* 

For  the  half  A  C  B  of  the  primary  truss,  there  ia  a  direct 
force  ^  w  If  and  the  transmitted  force  If  w  I,  or  ^wl'^iwt:^^^ 
w  I  acting  at  C*     This  resolved  at  C  in  the  direction  C  A  and 

t9  I 

perpendicular  to  the  direction  i  vj  l,  gives  for  the  first  i  —. 

and  i  wl  coc  et.  This  laat  oomponent  is  equal  and  contrary  te 
the  like  component  of  ^  t&  f,  for  the  other  half  B  O  D  of  the 
prinmry  truss. 

From  this  method  of  considering  the  connection  of  the  secondary 
trusses  with  ejicli  other,  and  with  the  primary  truss,  and  the  pre*" 
sures  to  which  they  are  subjectod,  it  will  be  seen  that  tlie  segment 
A  F  of  the  secondary  truss,  A  F  G,  will  be  strained  by  the  pres- 
sure at  F,  and  by  those  on  the  segments  F  E,  E  C  of  the  rafter ; 
and  the  segment  A  G  of  the  tie*beam  by  those  on  G  D,  by  which 
it  is  connected  with  A  E  D  and  A  C  D*  In  like  manner  the 
strains  on  the  pai-ts,  E  F,  G  D,  which  connect  the  secondary  tnisi 
A  E  D  with  the  primary,  will  sur\m  from  the  preflsuree  at  E  and 
C,     Adding  together  these  different  forces,  there  obtains 

t  -i h  t  -r—  +i  -: —  =  #  -; i  for  the  oompreasion  of  the  seg- 

•  Blu«  a     "  sm.  a     *  sin,  a     *  sm.  a'  ^  " 

mentAF.    \- h^- "i- — 


-,  for  the  compression  on  the 


=  I  -z ,  for  the  compression  on  E  O. 


'  fiin,  a 

seinnent  F  E,     A  — — 

sia»  a       '  suu  a' 

In  like  manner  the  tension  on  the  segment  A  G  of  the  tie-beani 
will  be  found  equal  to  ^  w  I  cot,  a ;  and  that  on  the  segment  G  ID^ 
f  w  I  cot,  a,  as  this  segment  forms  a  part  both  of  the  secondai^ 
truss  A  E  D  and  of  the  primary. 

Case  G.  (Fig.  B'.)  I^of  trtMea  of  wrought  and  cast-iron. 

In  these  com- 


K 


H_„ 


\.r 


/ 


P* 


binations  the 
rafters  of  the 
trass  are  of 
wrought  -iron 

of  a  T  or  I 
cross  -  section  J 
the  stmts  of 
cast-iron,  and 
the    tie  -  beams 

and  rods  of  wrought-iron,  of  round  or  rectangular  croBs-section* 
In  ordinary  spans  the  rafters  are  supported  by  a  single  &trut>  aa 

at  W  D',  which  prevents  the  dellecUon  at  the  middle  poici,  by  the 


/P 
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reaction  of  the  two  tie-rods  A  D',  C  D',  to  which  the  lower  end  of 
the  stmt  k  faaiened.  When  the  length  of  the  raftur  ia  bo  great 
that  one  fitrut  would  not  give  sufficient  Btifiness,  two  intermediate 
struts  are  inserted,  dividing  the  rafter  into  four  equal  segments  £ 
the  inter  mediate^  Uke  the  main  starut,  being  held  in  place  b^  tie* 
rods. 

In  the  first  combination  there  will  be  one  secondary  truss  only, 
as  shown  in  the  left  half  of  the  Fig.  In  the  second,  there  will  be 
three  secondary  trusses ;  but  each  of  the  two  smaller  ones,  being 
connected  only  with  the  larger  secondary  and  the  primary,  will  b«» 
affected  only  by  the  pressures  on  these  two. 

Taking  the  case  of  a  single  strut,  represent  by  w,  as  in  the  pre- 
ceding cases,  the  weight  on  the  unit  of  length  of  the  rafter ;  /,  its 
length ;  ct,  the  angle  CAB;  H,  the  horizontal  reaction  of  th^ 
rafttirs  at  the  point  0  ;  R,  the  pressure  on  the  strut  E'  ly  j  T,  the 
tension  on  the  tie-rod  AD';  S,  the  tension  on  C  XK. 

Leaving  out  of  consideration  the  weights  of  the  strut  and  tie* 
rods,  as  small  in  comparison  with  w  /,  the  weight  of  the  raftei-s  and 
roof-covering,  w  I  may  be  taken  as  acting  through  the  middle  poini 
E'  of  A  C,  and  its  moment  therefore  will  be  equal  to  the  moment 
of  the  couple  H, — H,  at  C  and  A.     From  this  there  obtains 

iirtiAD"  =  H.  CD'. 

or,  placing  for  ^  A  D^'  and  0  D'',  their  values  ^  /  cos.  a,  I  sin.  a, 
i  w  P  COS.  a  s  H  f  sin.  at*   /.   H  s  ^  tt;  2  cot,  a. 


Considei-ing  the  rafter  as  a  single  beam,  calling  R  the  normal 
pressure  at  the  point  E',  and  B/  those  at  the  points  A,  C,  there 
obtains,  Cast  4, 

R  =  ^  tol  cos,  a.     R^  =  ^wl  cos.  a. 

To  find  the  tension  T  on  tho  tie-rod  A  D' ;  the  difference  be- 
tween the  normal  component  of  the  tension  and  that  of  the  reac- 
tion t^  ^  of  the  weight  of  the  roof  at  the  point  A  ia  equal  to  the 
normal  component  R',  therefoi'e 

w  I  coa,  a  —  T  ain*  a^^u)l  oos,  a.    .%   T^^wl  cot.  a. 

To  find  the  tension  S  on  CD';  the  difference  of  the  component 
jf  this  tension  and  of  the  component  of  H  perpendicular  to  the 
rafber  is  also  equal  to  R',  therefore, 

i  wl  ooa.  a  —  8  sin.  a^-f^wl  cos,  a«     ,\     B^^  w  I  oot.  a. 

As  the  portion  of  the  tie-beam  between  the  points  D'  D  belongi 
only  to  the  primary  traas  A  C  B,  the  strain  upon  it  will  be  due  is 
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tlie  horizontal  reaction  H  cf  the  two  halvei  of  the  truBS  at  C,  a^d 

will  tlierefore  be  equal  to  ^  w  I  cot.  a. 

From  these  vs  luea  of  the  forces  of  compresaion  and  extension  on 
tlie  ditferent  parts  of  the  truss,  the  strains  on  the  unit  of  ai-ea  on 
each  part  can  be  found  as  in  the  preceding  case. 

Cfiss  7,  (Fig.  B'.)  As  the  rafter  ia  here  supported  at  three  in  tar- 
mediate  pointa  of  support,  dividing  it  into  four  equal  segmenta, 
each  of  which  sustaiuB  ^  w  I  unifonolj  distributed,  the  narmal 
premure,  and  conaequeut  reaction^  at  the  points  of  support  will  be 
the  same  as  found,  Ccu^  3|  §  t* 

Eepresenting  hj 

F,  the  normal  pressure  at  the  middle  point  of  the  rafter  ; 

P',  P',  thofte  at  the  other  two  intermediate  points ; 

P",  P",  those  at  the  ends; 

T^  T%  the  teufiions  on  the  segments  B  H^  D  H  of  the  hoiixoiita] 
tie-rod  of  the  largur  secondary  truss ; 

8,  H\  thosw  on  the  correspondijig  segments  of  the  inoUned  tie- 
rod ; 

T'',  S",  those  on  the  two  tie-rods  of  the  smaller  secondary  tnuBes  j 

U,  the  horizontal  reaction  of  the  halves  of  the  primary  truss,  and 
which  iji  equal  to  the  teusion  on  the  segment  D  D'  of  the  tie- 
rod  which  comiecU  them ; 

w  (^  the  vertical  reaction  at  B  J 

a,  the  angle  C  B  D"  ; 

R,  the  prcBiiuro  on  the  niain  strut  B  H. 
Tlien  thei*e  obtains  for  the  tension  H  of  the  segment  D  D'  of  the 
tie-beam 

R  =  ^  w  I  cot.  a 

For  the  tenaion  T  of  the  segment  B  H  of  the  tie-beam 

wl  cos,  a  —  P" 


W  I  COS.  a  —  T  sin,  a  =  P".     .%     T  = 


suu  a 


For  the  correspontling  tension  S  on  the  segment  O  I  of  the 

incEned  tie-rod, 

^    ^  «    .  r...  «         H  sin.  a  —  P" 

H  sin,  a  —  S  Hin,  a  ^  V  ♦     .%     S  s= -, • 

Bin.  % 

Fop  the  tensions  T  T'',  as  they  with  T  and  P'  are  in  equilibrio  at 
the  j»oiut  H,  the  algebraic  sums  of  their  components  perpendiculat 
and  parallel  to  H  Q,  will  respectively  be  equal  to  zero ;  uierefore 

T'oos.a  +  r  coaa-Tcos.a  =  0     A    r  +  T' '  -  T  ■  0 

r  ain,  «  -  T"  sin.  a  ^  T  sin.  a  4-  F'  =  0. 

/•     (T  -  T"  -  T)  Bin.  a  -h  F  =  0, 
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Id  like  manner,  for  tlio  tensiona  S',  S".  S  and  the  presaure  P',  then 
obtiiins 

S'  +  B"  ^  8  =  0 

(S^  «  8' -  8)  sin,  a  +  r  =-. 0 

From  these  four  last  efiiiationSj  the  valuer  of  T*^  T",  S',  S"  can  be 
readilj  found,  as  S  and  P'  are  known.     Those  of  T"  and  S'\  are 


r'  =  8"^i^ 


The  strain  upon  the  main  strut  is  due  to  the  normal  pressure  P  and 
the  components  of  T"  and  S''  in  the  direction  of  P ;  there  obtains 
therefore, 

R  =  P  +  {T  +  8'')  sin.  a. 

This  yalue  of  R  is  balanced  by  the  components  of  T*,  S'  in  the  oon- 
irary  dii'ection* 


**' 


Chue  8.  (Fig.  C.)  Single  kUtice  girder. — This  girder,  which  cod 
iists  of  an  upper  and  lower  beam  A'  D',  A  D,  connected  by  diago- 
nal braces  A  A'  A'  B,  B  B',  etc.,  which  make  equal  angles  with 
A  D,  A'  D',  may  be  regarded  as  an  articulated  system  in  which  the 
points  of  articulation  are  A,  A'.  B,  B'^  etc« ;  and  the  stiuina  upon 
each  piece  may  be  found  an  in  Ca»e  5. 

The  girder  may  be  strained  ei  ther  by  a  single  force  acting  at  any 
point  of  it  p terpen dicular  to  A'  D'  or  A  D ;  or  by  equal  forces  act- 
Lug  at  the  points  of  articulation  B,  C,  D,  etc,,  which  would  result 
from  a  uniform  pressure  along  the  lower  beam. 

Supposing  the  girder  to  rest  on  horizontal  points  of  support  at 
its  extremities,  let  2  W  be  a  weight  sus[>ended  at  its  middle  [wint, 
and  a  the  angle  between  the  braces  and  a  vertical  line ;  then  each 
point  of  support  will  yield  a  reaction  W,  and  will  cause  a  strain  in 
the  direction  of  the  axes  of  each  of  the  two  pieces  A  A',  A  B  con- 
nected at  A,  To  find  the  direction  and  amount  of  e^ch  of  these 
forces,  let  a  length  equal  to  W  be  set  off  from  A  on  the  vertical 
through  it,  as  the  resultant  pressure,  and  the  parallelogram  of  force! 
be  constructed  on  it,  having  its  compcnentA  in  the  direction  A  A^ 


A'  F  m4  A'  B. 


BdB  A 

to  iba  poisi  A',  vbere  it  !•  i»- 
;  A  A',  hejtmA  A,  aettiag  otf  fron 


in  tk«  ^radiMB  A'MdA'BT;  tlte  eoiafMi- 

B  A' will  Iw -^ ;  tl»t  in  A' F,  3  W  tM.  «, 


Hit  ftrw it  ^mmamiUed  to  tlie  poiat  R  wiMre,  i^aol^d  in 

tfc«  cfoMlioiM  B  B'f  B  C|  thd  two   coorpoMBti  vill  b«  tf  htf§arm 

,  Mid  3  W  tttiL  a ;  ukd  tlie  nme  wfll  obdin  br  m  Ukn  in  1111  mm 
ai  tlie  other  |>oiiita  at  artioilatioB. 


From  tbi*  it  k  j 


L  bnee  besrsasinun  doe  to 


W 


eo«,  m. 


lb« one  A  A' end  tfaoMpuvIIel  to  it  bong  oompnmed,  ibe otben 
MO^cclod  to  Uaman.    Tbut^  aX  ibe  point*,  A',  B^,  ^jf^i  ^'^^^  ** 

f  right  eqtial  to  2  W  tao.  a,  from 


a  eofispreMoii  of  tbo  Mgment  to  the 
the  Actian  of  eaob  brace  eepAmtelyy 
tiirelj  ^ccmiiioUte  from  A',  hj  2  W 
pTMiarea  on  tbo  enocew^o  Mgmeiite  will  bo 


the  Actian  of  eaob  brace  eepAmtelyy  btit  m  these  premtrea  colleo^ 
tiirelj  ^ccmiiioUte  from  A',  hj  2  W  tan.  a  at  B',  C,  D",  ete. ;  the 


3  W  Un.  ofotA'B';  4  W  Uia.  a  for  B' (7 ;  6  W  tim. a  for (7 D',  tleu 

On  the  lower  boAm,  in  like  manoer,  the  temdon  on  the  eegmant 
A  B  ii  W  tan.  ft ;  th»t  on  B  C,  3  W  tan.  a ;  on  C  D,  5  W  tan,  a, 
et4K.  The  cofiiprensionji  and  taiBionji  thua  mcreaaing  towards  tbe 
middle  of  the  upfier  and  lower  beams. 

It  ma  J  be  remarked  that  the  directions  of  the  comprcwion  are 
from  A'  iowardjt  A,  etc.,  for  the  compressed  braces ;  and  those  of 
the  tennions  from  A'  towards  B,  etc 

Were  the  force  2  W  to  act  at  any  other  point,  it  would  be  sim- 
ply i)«»c*»iiiiary  t*)  find,  from  the  theorem  of  parallel  forces,  the  oom- 
poiionU  at  tim  points  of  support^  and  find  from  these,  rc^rded  as 
tho  reactions  of  these  points,  the  strains  as  just  explained. 

1  n  tb#  case  where  tne  weight  is  uniformlj  distributtid,  let  2  to  b« 
th»  vertieal  wei|^ht  at  each  lower  point  B,  C,  eta,  and  n  the  num- 
Iwr  of  these  lowisr  points.  The  entire  distributed  weight  will  be  9 
VI  Wf  ^m  yf  hich  there  will  hti  a  reaction  ni0  at  each  support. 
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It  u  to  be  noted,  in  the  first  place,  th&t  following  out  tbe  same 
methods  for  the  reaction  n  ta  a^  in  the  preceding  examptle  for  that 
W,  the  same  law  of  compressions  and  tensions  would  obtain ;  but 
as  at  each  point  B^  C,  D,  etc.,  there  is  a  direct  vertical  force  2  «?, 
acting  in  opposition  to  tbe  transmitted  force  through  the  braces, 
the  components  of  2  m?  in  the  direction  of  the  braces  and  lower 
b^m  must  be  subtracted  from  those  of  the  transmitted  forces  along 
these  pieces. 

Thus  for  tbe  point  A,  the  components  of  n  m?  are ,  and  n  ur 


cos,  a 


tan.  a ;  at  the  point  A'  they  are 


COS.  a 


and  2  nw  teLn,  a ;   at  the 


*.-«.»  *»  W7         2  w        (t*  —  2)  ta      ,  ^ 

point  B  they  are  — — == -  and  2  n  to  tan»  a  —  2  *i 

cos.  a       cos.  o  cos.  a 

/fl  —  2)w 
to  tan.  a  —  (2n  —  2)  to  tan.  a;  at  the  point  B'  they  are  -i '—^ 

and  2  (2  n  —  2)  tr  tan.  a,  etc. 

To  obtain  the  compression  or  extension  on  any  brace  it  will  onJj 


be  necessary  to  subtract 


2io 


COS.  a 


from  that  on  the  one  preceding. 


To  obtain  the  conipreasion  on  any  segment  of  the  upper  benm| 
there  must  be  added  to  the  compression  transmitted  to  it  by  the 
brace  with  which  it  is  connect^,  the  respective  compressious  on 
each  of  the  segments  preceding  it.  The  same  law  obtains  for  the 
segments  of  the  lower  beam. 

TliuB  for  the  compressed  braces  A  A',  B  B',  C  0',  etc.,  the  forces 
of  compression  are  respectively, 

n  to       (n  —  2)  to      (n  —  4)  to      (n  —  6)  to 

*        ^    »        ^,  ,    f  etc. 


oos. 


a* 


cos*  a 


cos,  a 


For  the  upper  segmenta  A'  B',  B'  C,  C  D',  etc.,  the  forces  of 
compression  are  respectively,  2  n  to  teii.  a,  4  (n  —  1)  to  tan.  a, 
6  (n  —  2)  to  tan.  a,  8  (n  —  3)  to  tan,  o,  etc. 

For  the  lower  segmenta  A  B,  B  O,  C  D,  etc*,  the  forces  of  ten- 
sion are  respectively,  n  w  tan.  a,  [n  4-  2  (n  —  1)]  to  tan.  a,  fn  -h 
4  (n  —  2)]  to  tan.  a,  [n  -h  6  (»  —  3)]  to  tan,  a,  etc. 

From  the  preceding  expressions  it  will  be  seen  that  the  strains  on 
the  struts  decrease  from  the  points  of  support  towards  the  middle 
of  the  truss ;  and  the  compressions  on  the  upper  segments  and  the 
tensions  on  the  lower  increase  from  these  points  to  the  middle. 

tt  may  be  noted  that  in  this  case,  as  in  Case  5,  the  successive 
resolutions  of  the  external  forces  might  have  been  made  by  com- 
mencing at  the  middle  secondary  truss,  composted  of  the  two  middle 
braces  and  the  segment  of  either  the  lower  or  upper  beam  connect- 


APPKTDTT, 

ing  their  two  divergent  sirlea  at  the  base^  and  iii  this  wnj  the  fiaai« 
i<»8ults  haTo  been  arrived  at  by  the  successive  acoumuUtioiis  of 
pressure  at  the  points  of  articulation,  from  the  BucceBsive  addidoui 
of  the  second arv  triangular  trussos  which  compoae  the  entire  trus*. 
In  CoMt  b  also,  as  in  this  case,  the  resolutiona  of  the  extemaJ  fo^ce€^ 
might  have  comtnenced  with  the  primarv  truss,  descending  from 
this  to  each  secondai^  truss  in  ita  order.  The  mode  of  building  <lp 
the  main  triisH,  piece  by  piece,  and  showing  the  effect  of  these  tuo* 
Of Bsive  additiouK  ttpoii  the  Btraina,  is  more  palpable  to  many  thAii  J 
the  contrary  process. 

The  foregoing  cxpresBions  can  each  be  deduced  from  a  general i 
term  as  follows  :  let  i  represent  the  numbers  1,  2,  3,  etc^  or  the  order 
of  each  term ;  then 

2  »  (n  —  I  4-  1)  to  tan*  a 

will  be  the  general  term  from  which  the  compression  on  each 
ment  of  the  upper  horizontid  beam  can  be  deduced ;  and 

jfi+2{t-l)  (n-*-h  1)1  ti^tan^A 

that  from  which  the  tensions  on  the  segments  of  the  bottom 
can  be  found. 

The  maximum  of  the  first  expresaion  is  given  by  the  relation 

{  =  — ^^ —  ;  and  that  of  the  second  by  »  =  — ^ — •    These  valuei 

cannot  obtain  rigorously  at  the  same  time,  since  i  can  only  be  an 
entire  number ;  but  one  of  them  may  be  rigorously  true  and  the 
other  very  nearly  so  when  the  value  of  n  is  considerable.  The  two 
maxinmm  valueis  will  be 

\p  tfin.  a  (n  +  1)'  and  |p  tan.  a  |  (n  +  1)*  —  ^  [  • 


In  other  words,  if  N  represents  the  number  of  times  that  the  se^ 
mant  A  B  is  contained  in  the  horizontal  distance  between  the  end 
supports;  then  the  greatest  horizontal  compression  or  tension  will 
be  sensibly  expressed  by  ^  to  K*  tan.  a. 

To  pass  now  from  the  abstract  case  above  to  the  ordinary  lattice 
truss,  like  those  used  in  our  country,  the  following  approximate 
methods  may  be  employed.  In  the  first  place,  the  segments  of  the 
harkontal  chords  which  are  supposed  to  be  a  Bvatem  articulated  at 
their  extremities  may  be  replaced  by  two  entire  beams,  the  meau 


fibres  of  which  will  be  A  B  C  I) , .  .and  A'  B'  Q*  D' . 


for  as  the 


transversal  dimensions  of  each  of  them  is  very  snaall  compared  to 
their  length,  they  will  l>e  very  flexible,  which  will  permit  of  theb 
being  assimilated  to  a  system  articulated  u  above  mentioned,     Xj» 
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the  aeoond  plnce,  the  single  brace  A  A'  may  be  subdivided  into  sev- 
eral others  iticliiied  like  it  in  the  same  dii-ection  and  at  equal  dis- 
tances apart  bo  as  to  occiipj  the  apace  between  A  A'  and  B  B' ;  the 
eame  transfoFnmtion  nuij  be  supposed  made  with  respect  to  the 
other  set  of  braces.  It  will  iBadilj  be  inferred  that  if  A  B  is  but  a 
small  portion  of  the  entirs  distances  between  the  supports,  the 
second  tramiformation  will  have  but  a  slight  effect  on  the  oomprea- 
siona  and  tensiona  of  the  horizontal  beams ;  and  as  regards  the  braces, 
compvesiied  betweea  any  two  consecutive  parallel  ones  of  the  first 
system,  they  will  as  a  whole  produce  about  the  some  elTects  as  the 
two  they  replace ;  and  the  sum  of  the  areas  of  their  ci*oss-sections 
should  therefore  be  the  same  as  that  of  the  two  they  replace. 

It  should  be  well  wnderatood  that  in  this  change  the  braces  of  the 
new  system  are  KuppoBed  to  be  connected  only  at  their  ends.  But 
in  fact  they  are  usually  comiected  where  they  cross  each  other, 
which  is  in  favor  of  the  safety  of  the  system,  but  as  it  is  no*  easy 
to  render  a  satisifactory  account  of  the  elfect  of  this  connection  it 
may  be  left  out  of  consideration. 

The  method  given  in  the  preceding  analysis  is  applicable  to  the 
cases  where  the  load  is  applied  to  the  upper  chord,  and  also  where 
it  is  applied  to  only  a  part  of  the  joints  (or  nodes)  of  the  lower  or 
upper  chord.  It  may  easily  be  shown  that  some  of  the  meiubera 
of  the  webbing  will  be  strained  most  when  a  ptvt  of  the  uniform  load 
is  removed,  but  the  strains  upon  the  horizontal  nien^bers  (chords) 
will  be  greatest  when  the  frame  is  fully  loaded.     Jn  the  figure 


LetL  =  AC; 

w  =s  the  weight  per  foot  of  length  of  the  beftro  (or  of  the  dead 

load) ; 
to*  =  the  weight  per  foot  of  length  of  the  moving  or  live  load ; 
a;  =  AB  =j  the  length  of  the  live  load ; 
y I  =  the  upward  action  of  the  support  at  A ; 
V,  =  the  upwar:!  action  of  the  support  at  B ; 
s  =  Ca  =  the  diistance  from  C ;  and 
S«  —  the  shearing  stress,  or  the  resultant  rertiml  force  at  any 

required  points 
We  have  ^r 

V,  =  i«7L+  j-(L-ijr)ac 


2L 


VfZ 
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If  now  we  suppose  that  the  load  extends  from  A  to  i^  the  mp 

|)ort  at  C  will  sustain 

V,  = +  ^u;L  +  ^ 

and  the  vertical  force  at  a  will  be    ' 

L  ■fiti.L-h.^-.os 

which  evidentlj  exceeds  the  former  value  of  S«  and  henoo  the  ver- 
ticul  shearing  stres.s  at  any  point  is  greatest  where  the  load  extends 
from  that  point  to  the  support.  It  now  remains  to  be  shown  that  it  is 
greatest  when  it  extends  over  the  longer  segment. 

If  the  live  load  extends  from  A  to  a,  then  «  ss  L  —  x  and  tliA 
shearing  stress  will  be 

S«  =  itoL  +  -^-«7(L-*) 

If  the  live  load  extends  from  a  to  C,  the  shearing  streas  mi  m 
will  be, 

S'.  =  itoL  +  ^(L-*)« 

.  •.  S*  —  S'«  =  —  i  (w'  +  2  w)  (L  —  2  a;)  —  fw? 

which  is  zeio  for  a;  =  4^  L ; 

negative  for  x  <  ^  L ;  and 
positive  for  x>  \\j\ 

hence,  the  vertical  slieaHng  stress  at  any  point  for  an  uniform  live 
loofl  is  greatest  witen  tfve  longer  segment  is  loaded  and  the  shorter  is 
unloaded. 

Reducing  the  preceding  value  of  Bs  gives 

w'x*    ,  -       -. 

S«  =  -gj^  +  toa?  —  i  w  L, 

which,  considered  as  the  equation  of  a  curve,  is  represented  by  the 

annexed  figure.      The  ordinates  are  S*, 

E,.,  .B      and  the  abscissa  is  a;. 

j  \  j/^  If  a  live  load  were  placed   upon  the 

i      \,         >^  beam  and  extend  over  the  whole  length, 

f^.  ^^^>^  C      and  the  beam  be  considered  as   a   dead 

^- 6  ■**••.,.  i        load,  and  the  live  load  move  off  without 

shock  in  the  direction  from  C  towards  A, 
then  will  the  orcHnates  of  the  curve  DB  at  any  point  represent  the 
TerticaJ  shearing  stress  when  the  rear  end  of  the  load  reaches  that 


▲ppExrix. 
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poiskt  The  curve  tlimugh  E  represents  the  oase  for  a  load  moving 
off  in  the  opposite  direction. 

In  truss- bridges,  haviog  parallel  choids,  the  Tertical  sh^arii^  if 
sustained  by  the  inclined  ties  or  braceis,and  hence  they  should  incline 
one  way  (either  from  or  towards)  from  C  to  D,  and  in  the  opposite 
direction  from  A  to  where  the  other  curve  cuts  the  line  AC*  For 
a  ceiiain  distance^  each  side  of  the  centre,  thoy  incline  both  ways. 
In  the  case  of  lattice-bridges,  or  Wan-en  ^dera,  the  inclined  pieces 
which  constitute  the  tie-braces  near  the  middle  of  the  truss  may  be 
subjected  to  both  tension  and  compresaion  under  the  action  of  a 
moving  load. 

TJie  law  of  strains  upon  the  chords  may  also  be  iLluKtrated  by 
assuming  that  the  straina  are  continuous  functions  of  the  absolsaa. 


tB 


Jjet  w  =  the  load  per  foot  of  length ; 
W  =  the  total  load  on  the  bridge; 
H  =  the  strain  on  the  chords  at  any  point ; 
D  z^  the  depth  of  the  truss ;  and 
ar^AB. 

r&ldng  the  ongin  of  momenta  at  E,  and  we  ha^e 


JW«  — Jwjr*  =  aD  A  H  = 


which  is  the  equation  of  a  parabola. 

In  the  case  of  truss-bridges  the 
straius  upon  the  chords  do  not  con- 
stantly vary,  but  are  uniform  from 
one  joint  (or  point  of  attachment  of 
the  ties)  to  the  next,  but  the  general 
Ifiw  of  change  is  the  same  for  all  trusses  having  parallel  chords  aa 
that  above  illustrated.  For  analyses  of  panel  systems  see  Wood^e 
TVeoHss  on  Bridget  and  Hoofs* 

V.  Curved  Beams,  By  a  curved  beam  will  be  understood  a  beam 
which  is  made  to  assume  any  curvilinear  form  in  the  direction  of  iti 
length,  most  generally,  in  cas^  of  practice,  either  that  of  a  circular 
or  a  parabolic  arc,  and  which  is  used  to  resist  and  transmit  to  fixed 
points  of  su[>port  the  stridns  caused  by  the  exterior  forces  to  whiob 
It  may  *  e  suhjected. 
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In  oonformitj  to  what  most  generally  obtains  in  practice^  and  ibt 
the  greater  simplifi cation  of  the  analytical  restilts,  such  a  beam  will 
he  supposed,  lat,  to  be  of  uniform  cross-section ;  2d,  to  be  gcner- 
at^d  by  the  cross-aection  being  moved  along  the  moan  6bre  of  the 
beam,  whioh  is  assumed  to  be  a  plane  curve^  so  that  it  shalJ  always 
be  in  a  plane  perpendicular  to  that  of  the  mean  fibre  and  DorninJ  to 
it,  and  Jiave  its  centre  of  gravity  on  the  mean  tibre;  3d^  that  the 
dimensions  of  the  ci-gas-sectiou,  in  th»  dituution  of  the  radius  of 
curvature  of  the  mean  fibre,  shall  be  but  a  very  small  fraction  of 
this  radius.  These  conditions  being  satiafied,  any  very  small  frac- 
tional portion  of  the  beam,  comjjrised  between  two  consecutive  po- 
sitions of  the  generating  crostvacction,  may  be  regarded  as  a  light 
prism,  eom2>0Bed  of  elementary  fibres,  each  of  which  has  an  element 
of  the  crosB'section  for  its  boat;,  ^ind  the  distance  between  the  two 
oonseoutive  planes  for  its  length. 

A  curved  bi^am,  as  above  defined,  when  subjected  to  the  action 
of  external  forces,  which,  for  greater  simplicity,  will  be  assumed  tLi 
acting  in  the  plane  of  the  mean  fibre,  may  ^\e  rise  to  three  difitinct 
problems  connected  with  these  external  forces* 

In  the  first  place,  all  the  external  forces  are  not  in  ail  caees 
given  ;  as  a  part  of  them  may  be  occasion€»d  by  the  reactions  caused 
by  the  fixe<l  points,  or  other  means  by  widch  the  extremities  of  the 
beam  are  ke]it  in  position,  and  this  reaction >  being  au  unknown 
force,  has  to  be  found,  as  a  preliminary  step  to  the  ttolutiou  of  two 
other  problems:  The  one  to  find  the  tensions  or  presMures  on  the 
fibres  causetl  by  the  external  forces  j  the  other  to  find  the  i 
of  form  in  tlie  beam  caused  by  the  same  forces. 

Prob.  L    To  Jind  tlis  forces  of  reacUon  cauisd  hy  tfm  «xU 
forces  at  the  points  of  support  of  the  curved  bseim. 

With  the  conditions  already  laid  down,  to  further  simplify  the 
problem,  and  bring  it  within  what  usually  obtoinB  in  practice ;  let 
lis  suppoHQ  the  curved  beam  to  be  symmetrical  with  respect  to  a 
vertical  line  drawn  through  the  top  point  of  the  mean  fibre;  that  it 
rests  at  its  lowest  points  on  two  supports  which  are  on  the  same 
horixontal  line ;  and  tliat  it  is  actt^d  upon  either  by  a  single  ver- 
tical force,  at  some  ^point 
between  the  top  and  bo^ 
torn ;  or  that  it  is  siibjc 
to  a  strain  arising  from  a ' 
weight  uniformly  distribu- 
ted along  a  horizontal  line, 
— i  and  transmitted  to  the 
beam,  or  by  on*-  which  ia 
uniformly  distributed  di- 
rectly along  the  beam. 
Case  1.  Let  A  C  B,  Fia. 
D\  be  the  curve  of  the  mean  fibre,  regarded  as  symmetrical  with 
respect  to  the  vertical  C  D^  resting  on  the  points  of  support  A^  JQ^ 


Fi^.D' 
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on  the  Bame  boHzoBtal  line  A  B ;  and  let  W  be  tl  o  yeriioal  forot 
acting  OQ  it  at  the  point  E. 

Represent  by  W  and  W"  the  two  vertical  components  of  the 
forces  of  reactioi;  at  the  points  A  and  B ;  by  Q'  and  Q  the  boti^iin* 
tal  com  J  XI  lie  nts  of  the  same  forces  ;  by  2  a  the  chord  A  B  of  the 
arc ;  by  d  the  arm  of  lever  of  W  with  respect  to  the  point  A,  re- 
garded as  the  centre  of  moments. 

From  the  conditions  of  statical  equilibriiim,  there  obtains 

Q'  -  Q  =  a 

W  +  W^'  +  W  =  0. 
W"  2  a  -  W.  <^  =  0. 

H*^re  we  have  but  three  eqiiations  and  four  unknown  quantitiet. 
A  fourth  equation  may  be  obtained,  and  the  problem  thus  made 
determinate,  by  inti"oducing  Uie  condition  that  the  points  of  sup- 
port shall  reraftin  fixed. 

To  exj>rea8  this  last  condition,  let  us,  in  the  firat  place,  consider 
the  force  W  to  be  replaced  by  its  two  components,  one  perpendicu- 
lar to  the  cross-section  at  any  point,  as  E  for  example,  and  which 
will  produce  an  elongation  or  a  shortening  of  the  fibres,  either  by 
extension  or  by  compresision  ;  the  other  by  a  couple,  the  moment 
of  which  may  be  expressed  by  M,  and  which  will  produce  like  ef- 
fects on  the  same  by  bending  the  beam.  Tlie  effect  of  the»e  forces 
on  the  beam,  were  it  free  to  move  at  the  two  ends^  would  be  to 
change  the  length  of  the  chord  A  B  of  the  arc. 

Now,  H^siiming  the  lines  A  X  and  A  Y  afi  the  axes  of  co-ordi- 
nates ;  iLinl  resuming  equations  (A)  and  (I') ;  the  first  of  which  {A) 


EA' 


expresses  the  elongation  due  to  a  force  acting  parallel  to  the  mean 
fibre  I  and  the  second  (I^) 

^  Wz.  L 

EI 

gives  the  angle  between  two  consecutive  normals  after  the  defleo- 


*  Sappoeing  the  peint  B  to  move  thrcmgh  the  small  angle  n^  around  E  si 
tixnd,  it  will  describe  on  arc  B  M^  with  the  ra- 
dius E  B,  which  will  be  expressed  by  E  B  x  /i. 
Now  the  harisontal  and  vertical  components  of 
thi5  motion,  couaidering  the  amzdl  arc  B  M  ae  a 
rigrbt  line,  are  B  O  and  M  0.  But  as  the  trian- 
gles E  F  B  and  BOM  are  right  angled  and  eimi- 
lar  tL«}re  obtaina 


cz: 


EB:FB:i  BM 


^^     BMxFE 


b>  aabslitating  B  B  x  ^  for  B  M,  and  y^  the  oidinate  of  the  point  E,  for  F  B 
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tion  caused  bj  the  bending  forces ;  representing  hj  d  8  the  lengtb 
of  the  elementary  prism  along  the  mean  fibre,  we  obtain  from  £q. 
(A),  substituting  P  for  the  normal  component  of  all  the  foroeSy  and 
for  hfdx^  the  projection  of  the  elementary  prism  on  the  axis  of  X, 

as  the  amount  by  which  the  portion  of  the  chord  d  x  ia  elongated 
or  compressed.  Again,  from  Eq.  (I'),  substituting  M  for  Wz  the 
bending  moment,  with  respect  to  the  neutral  axis  at  E,  of  all  the 
deflecting  forces,  forming  a  couple,  acting  at  B,  and  d  «,  the  length 
of  the  elementary  prism,  for  L ;  and  noting  that  were  the  point  B 
free  to  move  around  the  neutral  axis  at  E,  that  the  horizontal  com- 
ponent of  its  motion  towards  A  would  be  found  by  multiplying  the 
angle  a  by  the  ordinate  y  of  the  point  £,  or  y  a,  there  obtains,  to 
express  this  change  of  length  of  d  «  in  the  direction  B  A, 

EI     '^^' 

Now  by  the  addition  of  the  expressions  (a')  and  (b'),  there  obtains 

Md8.f/       Tdx      , 
nET""^^A"'<'^> 

to  express  the  total  elongation  or  compression  of  the  portion  of  the 
chord  corresponding  to  d  8,  Integrating  (c')  between  the  limits  0 
and  2  a  we  obtain 

0    (E-r-^  +  EA)^^  =  ^>(^) 

to  express  the  fourth  equation,  containing  the  condition  that  the 
length  of  the  chord  shall  remain  unchanged. 

Now  in  Eq.  (1),  M  is  the  moment  of  all  the  deflecting  forces. 

In  like  manner 

EB:FB;:BM;MO=  ^^^^  ^  =  (a~g)a, 

by  substituting  as  above  for  B  M,  and  (a  —  a;),  the  abscissa  of  the  point  E, 
for  F  B. 

The  quantities  B  O  and  M  O  are  evidently  the  amount  by  which  the  por- 
tion  F  B  of  tho  half  span  and  that  F  £  of  the  rise  would  be  changed  wert 
the  point  B  free  to  take  the  motion  assumed,  the  point  E  remaining  fixed. 
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known  and  unknown,  with  respect  to  the  point  E,  acting  at  B. 
Representing  by  M'  the  moment  of  those  that  are  known,  and  hj 
Q  y  that  of  the  unknown,  there  obtains 

M  =  M'  -  Q  y.  (d') 

In  like  manner,  the  components  of  P  and  Q,  on  the  projection  of 

the  tangent  at  the  point  E,  maj  be  represented  by  P'  for  that  of 

d  X 
the  known  forces ;  and  by  Q  -^ —  for  the  unknown.     There  obtains 

therefore 

P  =  F-Q^.(e') 

In  other  words,  M'  is  the  sum  of  the  moments,  with  respect  to  any 
point  E  of  the  mean  fibre,  the  ordinate  of  which  is  y,  of  all  the 
forces  which  act  from  this  point  to  the  point  B,  the  moment  of  Q 
not  being  considered ;  and,  in  like  manner,  P'  is  the  sum  of  the 
projections  of  the  same  forces  on  the  tangent  at  E,  Q  being  also 
here  left  out.  M'  and  P'  are  thus  immediately  functions  of  x  and 
easily  found  ;  the  only  unknown  quantities  in  M  and  P  being  the 
unknown  terms  W"  and  Q ;  the  first  of  which  is  given  by  the  third 
of  the  equations  of  the  statical  equilibrium  of  the  forces.  Substi- 
tuting the  values  of  M  and  P,  expressions  (d'),  (e'),  in  Eq.  (1),  and 
making  E  I  =  f ,  and  E  A  =  e,  there  obtains : 

/2a                            p2a  /•  2  a 

M'y  dM  ^       ^     I    y'dM  ^  .      /     P'    . 

s      dx           ^^       B  dx  J        e 

0  0 


/2a 
I  dx  ^        ^    /«v 

0 

/2a  /^2a 

0                                0 
Q  = .    (S) 

/2a  n2a 

9  dx  ^       e  d9 


J 


1^ 


-  -      L^  =    .     4n 


**.i-^;r..»-.  ■.,/    ^1^      i-    X'—*  f  or   JL   iHi  Z — 4  — ^ 


fc^r^     i  • 


vr^.^to 


I  r  » 


/V  :-:  -A- 


«> 


'^r 


A^^i^jU,*^*  t.  ^f  'Jim  ^^mfnirauj  E^im.  *»  dus  ^am  if  #  i 
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the  fnean  fibre  of  which  u  a  circular  are^  cmc  which  is  acted  an  bif 
a  weight  W  applied  at  the  point  -K 

Case  1.  Let  A  C  B  (Fig.  E')  be  the  arc  of  mean  fibre,  supported 
at  the  points  A,  B,  and  acted  on  at  the  point  E  by  the  weight  W. 

Taking  O  for  the  centre  of  the  curve,  let  D  Y,  D  X  be  the  co  or- 
dinate axes.     Represent  by 

2  a  =  A  B  the  chord  of  the  arc ; 

f  =  D  C  the  versed  sine,  or  rise ; 

p  =:  O  B  the  radius  of  the  arc ; 

a  the  angle  which  a  radius  O  I,  at  any  point  I,  makes  with  the 
axisOY; 

^  the  angle  which  O  B  makes  with  O  Y ; 

$  the  particular  value  of  a  which  corresponds  to  the  point  E  ; 


^  *,  Q,  W,  Q'  the  vertical  and  horizontal  components  of  the 
forces  of  reaction  at  the  points  B,  A. 

Using  the  same  notation  as  in  the  preceding  equations ;  there 
obtains  to  express  the  statical  conditions  of  equilibrium 

Q-Q'  =  0 

W  p  (sin  0  +  sin  ^)  =:  2  W"  p  sin  «^ 

Eliminating  W"  between  the  second  and  third  Eqs.  there  obtains ; 
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W  ana  W"  being  known  from  the  first  two  Eqs.  there  remainf 
only  Q  and  Q'  to  be  found.  To  find  these,  it  will  only  be  necessary 
to  substitute  the  known  terms  in  these  Eqs.  in  £q.  (3)  to  find  Q. 
But  we  have  a  more  simple  and  neat  method  of  arriving  at  the 
same  result  by  supposing  an  equal  weight  W  to  act  at  the  point  G, 
symmetrical  with  respect  to  E,  and  the  co-ordinate  axis  Q  Y,  and 
then  to  use  Eq.  (6)  to  find  the  value  of  Q.  Supposing  the  second 
equal  weight  W  to  be  applied  at  G,  and  that  the  horizontal  compo- 
nent of  the  new  reaction  to  be  represented  by  Q,  then,  by  a  very 
simple  process  of  reasoning,  it  can  be  shown,  that  the  relation  ex- 
pressed by 

2Q  =  Q, 
will  obtain. 
Introducing  this  value  of  2  Q  in  Eq.  (6),  there  obtains 

U  €     dx  •/       « 

0  0 

Q. (7) 

r      r 

mJ        €  dx  ^       e  d  8 

0  0 

In  finding  the  values  of  M'  and  P'  it  must  be  observed,  that^ 
after  the  application  of  the  second  weight  W,  the  vertical  compo- 
nents of  the  reactions  at  A  and  B  are  respectively  W. 

Now,  in  calculating  the  values  of  M'  and  P'  in  functions  of  the 
angle  a,  the  following  relations  obtain, 

From«  =  Otoa  =  0,  |  M' =  W  p  (sin  ^  -  rin  ^, 

Froma  =  tfto«  =  ^    (  M' =  W  p  (sin  «  -  sin  a), 
^    (  P  =s  —  W  Sin  o ; 

also  y  =  p  (cos  a  —  cos  <f>)f  X  sz  p  Bin  a^  d  8  =s  p  d  a,  d  X  s=  p  cob  q 
d  a ;  substituting  these  values  of  M',  P',  etc.,  in  Eq.  (7),  and  ob- 

d 
serving  that  p  =  -; — - ,  and  c  and  e  are  constantSi  there  obtains  foi 

tho  numerator  of  the  fraction, 
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/  (^'J-.'^t)^-=¥<-^*-^«/(»- - 


J  sin  (^  —  sin  a)  (oos  a  —  oos  ^) y 

e 

sin*  ^  sin  a  cos  a  (.  <f  a ; 
and  for  the  denominator, 


(cos  o  — 008^)*  +-7Bin*^ 


0  0 

cos* a  Ida 

Performing  the  algebraic  operations  indicated  by  the  symbols, 
and  integrating  the  resulting  monomials,  by  well  known  rules,  (a) 
and  then  doubling  the  denominator  of  Qi,  the  value  of  Q  will  Im 
found.     This  value  can  be  placed  under  the  following  form : 

A  -  ^~  sin*  ^  (sin*<^  -  8in*0) 

.      Q  =  W ^,(8), 

r* 
B  +  -f  sin*  ^  {(^  +  an  ^  ooB  <!>) 

by  making 

A  =  ^(sin'<fr  —  sin*^)  +cos^(cos0  +  0sin0—  cos^  — ^sin^), 
B  ==  <^  +  2  ^  cos*  ^  ^  3  sin  ^  oos  ^ 

C(ue  2.  Horizontal  thrust  caused  by  the  weight  of  the  curved 
piece  itself  or  by  a  weight  uofiiformly  distributed  ctoer  a  portion  of 
%ts  length, 

(a)  For  the  integrals  y  sin  a  oos  a  d  a  and  /^oos* « li  «  sse  OhureXi  (M 

$¥kis,  Arts.  100,  101,  pp.  265,  966. 
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Represent  by  to  the  weight  uniformly  distributed  over  uiiity  of 
length  of  the  mean  fibre ;  by  Si  and  3^  the  limits  of  the  angles 
between  which  a  weight  expressed  hj  w  p  {6i  —  ^i)  acts  ;  and  by  to 
pdO  the  weight  on  the  element  of  the  arc  comprised  between  6  and 

Now,  the  infinitely  small  horizontal  thrust  d  Q,  caused  bj  the 
weight  w  p  d  $  distributed  over  the  arc  p  d  $,  will,  from  Kq.  (8),  be 
expressed  by 

A  —  ^  -y  sin'  ^  (sin'  ^  —  sin*  B) 

<fQ  = wpdO.     (9) 

r* 
B  -H  -jsinV(^  +  sin<^cos^) 

Clearing  the  denominator,  Eq.  (9),  dividing  by  ti;p,  and  integrating, 
there  obtains 

-^JB  +  ^Rin'<^(<^  +  sin«coe<^)f=     /    Acf  ^  -  ^  ~  sin*  <A 
w  p  \  a  t  M  a 

•j  (^,  —  fl,)  sin' <^  —     /     sin'M^^ 

hi 

Restoring  the  preceding  value  of  A,  performing  the  algebraic 
o)>eration8  indicated  by  the  symbols,  and  integrating  the  several 
differential  monomials,  there  obtains, 

—  j  B  +  ^  sin'  0  (0  -f  sin  <^  cos  <^)  >•  =  (^  sin'  <^  —  cos'  i>  —  tf 

sin  </)  cos  <^  —  ^) 

X  {6i  —  ^i)  +  i  (sin  4,  cos  Bt  —  sin  ^i  cos  Si) 

+  2  cos  <^  (sin  Bf  —  sin  ^,)  —  cos  <^  (^,  cos  Bi  —  6i  cos  0^) 

—  1^-  sin'</)  j  (<9,  —  e^)  (sin*  <^  —  i)  +  ^  sin  ^,  cos  ^,  —  J  sin  a, 

cos  5, 1 .  (10) 

{b)  For  tho  inteen^  jef&ii9d9we%  Chur^'$  CalmUui,  Art  169,  p.  284. 
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By  making  C  =  J  —  f  oos'  ^  —  <^8in^co8^  +  J  — -  oob  ^ 

imd  D  =  J  (sin*  <^  —  ^  +  ^  —-7^  cos  <^),  placing  them  in  the  preceding 
£q.,  and  then  obtaining  the  value  of  Q,  we  have 

C  — D-rsinV 
a* 

Q  =  2«7p0 b  (11) 

B  +  -J  sin*  <^  (^  +  sin  <^  cos  ^) 

for  the  horizontal  thrust  due  to  the  weight  of  the  curved  piece ;  and 
which  would  be  sensibly  the  same  in  form  were  a  weight  uniformly 
distributed  over  the  top  surface  of  the  piece  to  be  added  to  its  own 
weight. 

To  apply  this  formula  when  the  weight  of  the  entire  curved  piece 
is  alone  considered,  we  should  have  to  substitute,  in  Eq.  (10),  for 
tv  the  weight  of  a  light  prism  having  the  same  cross-section  as  the 
piece,  and  one  foot,  if  the  foot  is  the  unit  of  measure,  in  height,  and 
make  &,  =  <f>,  ^j  =  —  (/,  at  the  same  time. 

Case  3.  A  wdght  being  v/nifomdy  distributed  along  the  chord  of 
ifie  arc,  or  over  a  horizontal  line  through  its  crown,  and  transmitted 
to  Ute  piece,  to  determine  Hie  liorizantal  HMrust, 

In  this  case,  as  the  w  corresponds  to  the  imit  in  length  measured 
along  the  horizontal,  the  elementary  arc  of  the  mean  fibre,  which 
has  for  its  length  pdd,  will  have  for  its  projection  on  the  horizontal, 
o  cos  tf  d  6,  and  it  will  sustain  a  weight  expressed  by  %o  p  cos  0  d  (^. 
Substituting  this  value  in  £q.  (9)  there  obtains 

r*    .  . 

A  —  4"  ~i  "i^*  ^  (*^'  ^  ""  ^'  ^) 

dQ  =i  wp  COB  edO *     (12).     (c) 

B  4-  — ,  sin*  <^  (0  +  sin  <^  cos  <^) 

To  obtain  the  value  of  Q  between  any  two  limits,  ^t  and  6^,  £q. 
(12)  must  be  integrated  between  these  limits.  Perfoi-ming  tlie 
algebraical  operations  indicated  by  the  symbols,  and  integrating  each 
of  the  ditferential  monomials,  there  obtains, 


(6)  For  the  integral  /  0  sin  0  oos  $d0,  which  occors  in  £q  (12) ,  see  C%ii>tA'« 
Cakvlus,  Art.  1G9,  p.  234,  and  Art  190,  p.  205. 
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—  i  B  -+-  -j  sin'  0  (<^  +  sin  0  cos^)  v  =  (J  sin'  ^  —  co«'  0  —  i 
w  p  {  a  J 

<^  cos  <^)  (sin  4,  —  sin  ^i)  —  ^  (sin*  ^,  —  siii*  ^,)  +  J-  cos  ^  (^s  - 

4-  i  cos</>  {6i  sin*  ^,  —  ^i  sin'  ^i)  +  }cob  ^  (sin  6^  cos  tf,  —  sin  ^,  o< 

—  J -5  sin'  <^  i  (sin  d,  —  sin  ^1)  sin'  ^  —  J  (sin*  ^,  —  am*  tf,)  t , 

a 

By  making  d,  =  —  <^,  d,  =  ^,  and  substituting  -: for  p, 

nn  ^ 

making  C  =  —  J  4-  A  ^'  ^  +  i     .     .   cos  ^  —  J  ^  sin  <f>  co 

sin  ^ 

there  obtains 

C'-iJsin** 
Q  =  2  «?  a .     (13) 

r' 

B  +  -J  sin*  <^  (</>  +  sin  ^  cos  <^) 

for  tbe  value  of  the  horizontal  thrust  in  this  case. 

By  introducing  the  value  of  the  versed  sine,  or  rise  C  I>,  ( 
£')  represented  by^*,  into  the  preceding  expressions,  and  by  si 
ble  developments  and  changes,  for  the  purpose  of  simplifying 
results,  the  details  of  which  cannot  be  entered  into  here,  it  cai 
shown,  that,  when  the  rise  is  small  in  comparison  with  the  spai 

f 
^  is  a  small  fraction,  the  resulting  values  of  Q  will  be  appi 

a 

mately  as  follows : 

When  the  load  is  uniformly  distributed  over  the  mean  fibre, 

3  A 


Q  =  «'P0^|   — i^.  1;(0 


and  when  distributed  uniformly  over  the  chord,  or  span, 

0 


Now,  as  the  valu9  of  Q  in  the  case  of  a  suspension  system,  1 
Ing  2  a  for  th/^  span  and  f  for  the  rise,  in  which  the  weight  U7, 
eacli  unit  of  length,  is  uniformly  distributed  over  the  s^tan,  is 


lireBsed  by  Q  =  -^^ ,  it  fcllowa,  from  the  preceding  value  of  Q| 
2/  . 


that  it  b  less  in  a  rigid  than  m  a  fiexible  Bystem,  under  the 

circumstances, 

Prob.  2«  2^0  ^nJ  t^  nutsimtMn  hnffitudifud  strain  on  the  unU 
€f  area  in  antf  given  croM-eection, 

The  next  problem,  connected  wiUi  this  subject,  is  to  find  the 
amount  of  tenuioD  or  compression  on  the  unit  of  area  of  any  cros»- 
section  of  the  piece,  having  given  the  extraneous  forces  to  which  it 
is  subjected. 

In  the  solution  of  this  problem,  the  hypotheses  will  bt?  adopted : 
Ist,  that  the  distances  of  the  extreme  fibres  from  the  horizontal 
line  drawn  through  the  centre  of  gravity  of  the  croBs-section  are 
equal ;  2d,  that  the  weight,  comprising  that  of  the  piece  itself,  is 
uniformly  distributed  with  re8i>ect  to  a  horizontal  line  drawn 
through  the  i>0Lnts  of  support ;  Mj  that  the  material  is  homogene- 
ous throughout. 

Fi^serving  the  same  notations  as  in  the  preceding  caaea,  call  y 
the  distance  of  any  fibre  from  the  horizontal  through  the  eeutre  oi 
^'^nivity  of  the  fteclion  con>*i*lered ;  +  i  A  and  —  i  A  the  distances  of  the 
Cictreine  tibres  fn^m  the  same  point* 

As  shown  in  what  prec**des,  all  the  extraneous  force,  by  which 
any  cross-section  is  strained,  can  be  retlutjed  to  one  P  acting  in  the 
plane  of  the  mean  fibre  and  perpendicular  to  the  cross-section; 
and  to  a  couple  the  moment  of  which  is  represented  generally  by 
M.     Now  from  Eqs,  (A)  and  (K)  §  I  we  have  to  express  the  sti-ain 

P        P  E 

on  the  unit  of  area,  arising  from  the  force  P^  — ,  or ,  substitut- 

A  d 

ing  s  for  E  A  ;  and  for  the  sti^ain  on  the  unit  of  area,  at  the  dia* 

tance  y  &om  the  neutral  axis,  substituting  in  Eq.  (K)  M  for  W  0« 

and  c  for  I,  there  obtains,  to  express  this  strain, 

MEy 

c 


Kegarding  the  normal  component  F  as  positive,  its  value  aa  be» 
fore  determined  will  be  expreissed  by  the  equatiou^ 

F=  —  Qcoso  —  wp  iin'  a ; 

and  the  moment  M  by  the  equation 

M  =s  ^  19  p*  (sin*  <tt  ^  sin'  a)  —  Q  p  (oos  o  —  ooi  ^). 

The  value  of  F,  as  here  given,  being  essentially  negative,  khu 

P  E 
strain  on  the  unit  of  surface,  expressed  by ,  ^ill  be  one  of  oom 
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pression.     As  to  the  expression  -^  which  may  be  either  pod 

tive  or  negative,  it  may  give  strains  either  of  tension  or  compres- 
sion, as  points  on  one  or  the  other  side  of  the  neutral  axis  are  taken  : 
the  points  strained  may  be  either  on  the  concave  or  convex  &ce 
of  the  curved  piece,  as  M  is  taken  positive  or  negative. 

As  the  strains  due  to  P  and  the  couple  M  are  supei'posed,  there 
will  be  a  strain  on  the  unit  of  area  at  the  distance  y,  the  absolute 
value  of  which  will  be  expressed  by 

PE      MEy^ 


and  when  M  produces  a  pressure,  the  sign  of  the  second  term  of 
the  preceding  expression  should  be  so  taken  aa  to  add  the  two  terms 
together.  But,  for  the  points,  where  M,  acting  alone,  would  pro- 
duce a  t<in8ion,  their  difference  should  be  taken. 

Now  of  the  different  values  of  this  algebraic  sum  of  the  super- 
posed forces,  which  vary  with  the  angle  a,  or  the  assumed  position 
of  the  cross-section,  that  one  is  the  important  one  which  gives  the 
greatest  cross-strain  on  the  unit  of  area  at  that  point  in  which  this 
strain  is  greatest  in  each  cross-section,  or  the  value  of  y   oorre* 

spending  to  -f-  —-  and  —  r-. 

Before  proceeding  to  find  this  greatest  value  of  the  strain  in 
question,  it  will  be  necessary  to  ascertain  which  of  the  two  signs 

of  ^should  be  taken,  as  respects  the  position  of  the  cross- 
section  considered.  For  this  purpose,  taking  the  value  of  M, 
which  is 

M  =  —  Q  p  (cos  a  —  cos  </>)  -f  W  p  (sin  </>  —  sin  a)  —  ^  to  p'  (sin  <^ 

—  sin  a)*, 

making  Q  =  n  /3  t/7  a,  n  being  a  number  to  be  calculated,  and  re- 
calling that  W  =  w;  p  sin  0  =  M>  a,  and  substituting  these  values 
of  Q  and  W  in  the  preceding  expressions,  there  obtains 

M  =  ^  U7  p*  (sin*  </)  —  sin*  a)  —  2  n  u;  p*  sin  0  (cos  a  —  cos  ^)  ; 

and  as  sin*  ^  —  sin*  a  =  cos*  a  —  cos*  </>,  there  further  obtains, 

M  =  ^  to  p*  (cos  a  —  cos  0)  (cos  a  -f  cos  </>  —  4  n  sin  0). 

This  expression  reduces  to  zero  for  a  =  </>,  as  was  to  be  expected, 
since  the  reactions  of  the  support  were  supposed  to  be  taken  at  the 
centres  of  elasticity  of  the  exti^me  sections ;  it  also  reduces  to  zero 
for 
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00Ba=:4nsin^  —  cos  0  =  co8ai; 

but  this  solution  is  true  for  a  point  of  the  mean  fibre  only  if  the 
angle  a,)  determined  by  the  above  equation,  is  real  and  less  than  ^ 
The  two  conditions  must  then  be  imposed,  viz. : 

4n8in<^  —  cos<^<l 
4nsin0  —  co8^>co8^ 

From  the  first  we  find 

4nBin^<l+oos^ 
1  +  cos  A  1 

4sm<^  4tan^0' 


n  must  then  be  less  than 
it  has  been  shown  that 

and,  consequently. 


4tani<f>' 


,  which  is  always  the  case,  foe 


Q< 


Wtf' 


2/* 


Q  a 

<  -r-i,  orn  < 


2wa     if 


4tan^0* 


The  second  condition  remains  now  to  be  considered.     It  may  be 
written 

n  >  ^  cot  ^. 

Taking  n  greater  than  ^  cot  0, 
the  moment  M  will  become  zero  at 
some  point,  as  H  (Fig.  F'),  cor- 
responding to  an  angle  a,,  com- 
prised between  0  and  ^,  that  is, 
the  curve  B  I  F,  the  locus  of  the 
centres  of  pressure  in  the  consecu- 
tive sections,  will  have  two  points, 
B  and  H,  in  common  with  the 
mean  fibre  CAB.  This  being  so, 
M  will  be  positive  between  a  =  0 
and  a  =  a„  whilst  it  will  be  nega- 
tive between  a  =:  a,  and  a  =  <^; 
for  the  factor  cos  a  —  cos  0—4 
n  sin  <f>,  which  gives  its  sign  to  M, 
decreases  when  a  increases ;  then, 
sin^e  this  factor  is  zero  for  a  =  a„ 
it  is  positive  for  all  smaller  values 
of  a,  and  negative  for  all  greater. 
The  formula  giving  the  maximum  pressure  at  any  given  seotion 
will  be: 


«10 


from  As:Otoa=:a,«.«.f=;  — (—  F  +  -xpk 
from  as  ojtoa  s^  •  .  •  •  ^=  ""^^^""TPr 

If,  on  th«  contrarj,  n  <  ^  oot  4^  ii  would  mean  tliai,  eren  for 
m  =  ifff  M  woruld  ftili  be  poidtire,  and  oonieoiientlj  Uist  it  would 
be  00  throngiioat  the  ftrc.  We  would  onlj  hare  to  examiiie  the 
exjfrewfioii 

It  in  eany  to  nee  in  these  two  caaea  the  position  ooaqvied  hy  the 
curve  of  prewrare.  In  fact  M  ia  onlj  the  moment  of  the  force  P 
apfilied  it}  the  centre  of  preaaore,  referred  to  the  centre  of  elaaticitj 
in  thi;  same  sfsction.  Then,  from  the  known  direction  of  P  and  the 
positive  direction  taken  for  M,  we  may  oonclude  that  if  M  >  0, 
the  ctirve  of  pressure  Ilea  above  the  mean  fibre,  and  below  if 
M  <  0. 

We  can  now  consider  the  principal  question.  There  are  two 
cases  to  be  distinguished,  when  n  >  f  cot  ^,  and  when  n  <  ^  cot  ^ ; 
for  it  has  been  shown  that  the  maximum  preaaore  in  a  given  aection 
is  generally  differently  expreased  in  passing  from  one  to  the  other 
of  these  cases. 

The  maximum  pressure  in  a  given  aection  ia  expressed,  then,  bj 
the  following  formulas: 

In  the  portion  C  H  of  the  piece  (Fig.  F^ ;  g'  =  -  (—  P  +  ^1, 

In  th«  portion  HB        •        .         .         5^  =  —  (—  P—  -«— f )• 

HubHtituiing  for  P  and  M  their  values,  in  terms  of  a,  arranging 
tli(^  torttiH  aH  respects  tho  cos  a,  and  placing  1  —  coa'  a  and  1  -- 
cos"  «/'  for  sin*  a  and  sin  *  <f>,  there  obtains : 

^     L    -h  1  +  i  -^  COS  ^  (4  n  sin  ^  —  008  <^)  J 

wjY^T-^^  +4^)co8««-f  (1  +  J^)2n8in^coaaT 

L=  l~Jt^00B^(4n8in^  —  008^)  Ji 

The  greatest  of  the  maxima  of  these  two  expreaaions  moat  be 
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oUtainetl  when  a  varies  botween  the  liraita  in  which  they  are  appH* 
cablcj  viz.,  between  0  and  «,  for  the  first,  and  a^  and  tp  for  the  second. 
To  this  end  (Fig.  F')  it  may  bo  remarked  in  the  first  place  that  U 
q  and  gr'  >ire  represented  by  the  ordinates  of  two  curves  of  which 
the  corresponding  valui^s  of  the  cos  a  are  tlie  abscissas^  all  the 
ordinpites  will  be  ponitive  within  the  above  limits.  Moreover,  thea*; 
curves  will  be  parabolas ;  the  one  belonging  to  q  having  its  con- 
cavity  uppermost^   the   other   lowermost.       This  is  easily   scen^  by 

recalliug  that  »**  <  ~t  ;  whence  J  —   >  — . 


On  the  other  hand,  us 


/*  can  be  but  a  rmall  fraction  of />,  it  follows  that  r I,   and  still 

ph 
more  J  -5 1  are  positive  quantities,       Henoe  the  coefficient  ol 

cos*  a  is  i>08itive  in  the  fii^st  equation,  and  negative  in  the  second ; 
therefore  the  two  parabolas  should  have  the  above-mentioned  posi- 
tion. 

From  this  position,  it  can  be  at  once  seen  that  the  greatest  value 
of  q  should  belong  to  one  of  the  limita  «=Qora=— oti.  The 
first  will  give 

^,  ^  — ~  E  i  2  n  ain  ^  +  i  — r  sin  0  jsin  <^  —  4  n  (I  —  cos  <^)1  I , 

or  else,  since  p  sin  <^  ==  a  and     -  -, — -r- —  =  tan  \  <by 
'  sin  9 

?.=   ^E[2»  +  i^{l-4«tani^)].(l) 

As  to  the  value  belonging  to  ct  =  ix,  or  to  the  point  H,  it  cannot 
be  considered  here,  for  it  will  be  found  among  the  values  of  g' ;  the 
point  H  belongs  as  much  to  the  portion  B  H  as  the  portion  C  H  of 
the  mean  fibre. 

The  parabola  belonging  to  q*  turning  its  concavity  to  the  axis  of 
r,  and  having  its  ordinates  positive,  it  is  plain  that  the  horizontal 
tangent  will  give  the  maidmum,  if  it  belongs  to  a  value  of  cos  a  be- 
tween the  limits  oos  ai  and  cos  ^ :  the  maximum  must  belong  to 
one  of  these  limits.  Let  us  seek  the  condition  for  the  first  hypo* 
thesis.  For  this,  let  a,  be  the  angle  a  belonging  to  the  horizontal 
tangent  in  question:  this  angle  must  satisfy  the  equatioii 


whence, 


d  oos  a 


-(l  +  i  i?)coe«,  +  (l+iilJ)n«n.^  = 
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or  P*_ 

cos  a,  +  n  sm  0  — 1—2 • 

This  Talae  will  be  true  for 

cos  04  <  cos  a,  and  cos  a,  >  cos  ^ 
that  is,  substituting  for  cos  a,  and  cos  a,  their  values, 

ft  sin  0 <  4nsiii^  —  oo«^ 

n  sin  <^ >  cos  <^ 

i  +  i'4- 

Collecting  in  the  first  inequality  the  terms  containing  n,  it  beoomei 
n  sin  <^ >  cos  <^, 

and,  thus  written,  it  is  an  evident  conseqneuce  of  the  second.    The 
latter  gives 


n  >  ^  cot  <^ 


( ■  *  ^'^ 

^  ah}  (2) 

2  sin  <^  4-  "f^^ 


n  >  ^  cot  <^ 


The  first  principal  case  is  charactorized  by  the  relation  a  >  ^  con 
0 ;  but  this  inequality  does  not  necessarily  involve  inequality  (2), 
because  ^  cot  <f>  is  there  multiplied  by  a  factor  greater  than  1.  This 
case  must  then  be  divided  into  two  secondary  cases. 
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let   TheeondiUan  exprtssed  hy  inequalUy  (2)  ta  mitiUfied.    The 

tDaximuin  pressure  on  the  portion  H  B  then  belongs  to  a  =  a,.     It 

is  found  by  the  substitution  of  cos  a,  in  the  genend  expression  for 

p  ^ 
q' ;  but  to  avoid  a  complicated  calculation,  --j-  being  quite  a  large 

Lumber,  the  value  of  cos  a„ 

cos  C4  =s  n  sin  ^ ^ 

will  differ  litUe  from  2  n  sin  ^y  because  there  is  no  great  error  in 
suppressing,  the  term  1  in  the  numerator  and  denominator  of  the 
fraction.  Besides,  when  near  a  maximum,  we  can,  without  sensible 
alteration,  take  the  value  of  the  function  corresponding  to  a  value 
of  the  variable  that  is  near  the^  one  giving  the  maximum.  Sub- 
stituting 2  n  sin  0  for  cos  a  in  the  expression  for  ^,  and  making 

p  =:  -; — 7,  we  will  find  for  the  value  of  o^i  of  the  maximum  in 
'^      8m<^  * 

question 

2d.   Ths  inequality  (2)  is  not  acUiafied,     Under  this  supposition, 
the  parabola  belonging  to  ^  has  not,  in  the  portion  considered,  a  * 
horizontal  tangent,     l^e  maximum,  in  this  portion,  belongs  then 
to  one  of  the  two  limits  a  =  O)  or  a  =s  ^.     Cos  O}  is  known  from  the 
equation 

oosa,s4n8in^  — cos^ 

Substituting  successively  this  value  and  cos  ^  in  ^,  which  here 

P  £ 
reduces  to ^  because  M  reduces  to  zero  at  the  limits  in  que** 

tion,  we  find  two  results, 

g'  =  ^E  [6nBin<^cos^—  (8 n* -^  1)  nn* ^] 

s    — E  [6ncos^  — (8n»— l)sin*], 

fi«— E(2ncos0  +  sin0) (4) 
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It  18  easy  to  see  that  ^^  the  value  belonging  to  cos  a  s  coe  ^  ii 

greater  than  ^„  for  by  subtraction 

^,  —  ^,  =s  4  n  —  E  (2  n  sin  ^  ~  COS  ^). 

Besides, in  the  present  case, we  have n>  \  cot ^ and, consequently, 
2  n  sin  0  >  cos  </>,  which  proves  the  enunciation.  In  the  seoono 
subdiviBion  of  the  first  principal  case,  the  maximum  pressure  on 
the  part  H  B,  is  at  the  point  B,  and  is  given  by  formula  (4). 

In  whichever  of  the  two  subdivisions  it  is  found,  we  must  always^ 
to  obtain  the  greatest  maximum  sought,  take  the  maximum  in  the 
portion  C  H,  then  in  the  portion  H  B,  and  choose  the  greater 
The  preceding  discussion  on  the  first  principal  case  may  be  thu» 
summed  up : 

When  n  (the  ratio  of  the  thrust  to  the  entire  weight  of  the  span) 
18  greater  than  Hie  limit  indicated  by  inequality  (2),  the  maadmum 
pressure  will  be  the  greater  of  the  two  values  given  by  the  formulas 
(1)  and  (3),  the  first  of  whim  belongs  to  the  extrttdos  at  the  lop^  and 
the  second  to  the  intrculos,  cU  a  point  taken  on  the  arc  between  the 
springing  lines  Ay  J3  arid  the  crown  C. 

When  n  is  included  between  the  above  limit  amd  \  cot  ^^  we  must 
in  the  preceding  rule  substitute  formula  (4)  for  f 3),  which  gives  the 
maacimwm  pressure  at  the  joint  of  the  springing  lines. 

Maximum  pressu/re  when  n  <  icot<t>.  In  this  case  we  have  only 
to  consider  the  expression 


E,     ^       MA\ 


the  maximum  for  which  is  to  be  found  for  a  varying  from  0  to  ^ 
This  expression  is  identical  with  that  for  q  already  used ;  if  then 
the  corresponding  parabola  be  considered,  we  must  conclude  that 
the  maximum  for  this  expression  must  necessarily  belong  to  one  of 
the  limits  of  a.  Besides  a  =  0  gives  formula  (1) ;  a  =  ^  gives  for- 
mula (4),  for  M  being  zero,  q  and  q'  become  equal,  licnce  Hie 
greater  of  the  two  values  given  by  these  formulas  must  be  taken. 
Consequently  tJtere  is  no  difference  between  the  second  principal  ease 
amd  the  second  subdivision  of  the  first  case. 

The  only  cases  to  be  distinguished  are,  then,  n  greater  and  n 
smaller  than  the  limit  given  by  foimula  (2):  the  first  requiring  the 
use  of  formulas  (1)  and  (3),  the  second  that  of  formulas  (3)  and  (4), 

In  the  preceding  discussions,  as  the  material  is  considered  homo- 
geneous throughout  the  cross-section,  e  is  only  the  sum  of  the  pro- 
ducts of  the  superficial  elements  by  the  coefficient  of  longitudinal 
elasticity  E,  or  E  A,  since  E  does  not  change  from  one  fibre  to 
Another;  hence 
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Prob.  3,  To  find  the  chanffu  in  the  verssd  aine^  or  rUe^  0  Dj  (Pig 
K'),  of  the  curve  of  the  mean  fibre  from  the  action  of  the  extianeouA 
forces. 

Having  determined,  by  the  preceding  calculations,  the  v^alues  of 
bU  the  extraneous  forces,  the  change  in  the  dimensionn  of  the  rise 
of  the  arch  can  be  found,  and  the  now  reniiuning  problem  resulting 
from  their  action  be  solved. 

Case  L  Let  the  beam,  in  the  first  place,  be  taken  as  subjected  to 
a  strain  arising  from  a  weight  uniformly  distributed  along  the  mean 
fibre.  The  action  of  this  weight,  supposing  the  extremities  of  the 
curve  at  A  and  B  to  be  fixed,  would  be  to  press  the  crown  at 
C  downwards,  and  thus  change  the  length  of  the  rise  C  D ;  or,  sup- 
posing the  curve  to  be  firmly  fixed  at  0  and  to  be  left  free  at  B,  to 
change  the  position  of  B  vertically  in  relation  to  C.  The  amount 
of  thLi  vertical  change  in  the  position  of  B  is  given  for  any  point 
from  B  to  C  in  the  foot-note  to  p.  597-8,  and  is  equal  to  (a  —  jf)  a: 
in  which,  according  to  the  notation  used  in  the  preceding  problems, 
a  is  the  iufijiitety  small  angle  between  two  consecutive  normals,  and 
{a  —  x)  is  the  abscissa  of  the  point  considered ;  I)  Y  and  D  X  being 
the  axes  of  co-ordinates. 

Resuming  the  Eqs,  (K)  and  (A),  and  representiiig  hj  ^f  the 
change  in  length  of  the  rise,  there  will  obtain,  to  express  this 
quantity, 

0  0 


liil 


dx 


dz.   (X7 


Now  M,  as  in  the  preceding  propositions,  represents  the  sum  of 
the  moments  of  all  the  extraneous  forces,  including  those  of  the  re- 
actions at  the  points  of  support ;  and  P  the  sum  of  the  components 
of  the  same  forces  [lerpendicular  to  the  plane  of  the  joint  considered ; 
or,  in  other  words,  the  sum  of  the  projections  of  those  forces  on  the 
tangent  to  the  mean  fibre  at  the  point  whoso  abscissa  is  (z  —  a), 
and  ordinate  y. 

As  in  the  preceding  propositions,  so  all  the  variables  in  the  pre- 
ceding expression  {X')  will  be  expressed  in  that  of  one  alone, 
which  is  that  of  a,  the  angle  that  any  assumed  radius  O  1  makes 
with  the  axis  O  Y. 

Denoting,  as  before,  by  0,  the  value  of  a  for  any  joint  O  E ;  tnd 
j»y  10  the  weight  of  the  load  uniformly  distributed  over  A  0  D  fex 
•A^h  unit  of  length  of  the  curve,  there  will  obtain  ; 
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w  p  dOy  to  ozpress  the  weight  on  the  element ^  dd^ 
w  p  <l>y  for  the  vertical  reaction  at  the  point  B ; 
w  p  <p,  (p8in0  —  psiua)  =  w  p*<p  (sin  ^  —  sin  a),  for  the  nMimenl 
of  tne  reaction  due  to  the  weight  of  the  portion  I JB  of  the  arc ; 

->  /  to  p  d  6  {p  ^  $  ^  p  an  a)f  for  the  moment  of  the  weigh^ 

a 

of  the  portion  I  B ; 

—  Q  (p  COS  a  —  p  008  ^),  for  the  moment  of  the  horizontal  reao- 
tion  at  £ ; 

Therefore,  there  ob'»infl|  to  express  M, 

M  =  —  /  to  p*  (sin  6  "-9ma)  dO  +  top*  ^  (sin  ^  —  sin  a)  —  Q  ^ 

a 

(oos  a  —  COS  ^). 

In  like  manner,  there  obtains, 

P=  — Qcosa  —  t9p<^8ina  +  «0p(0«a)Bina, 

By  reduction,  M  and  P  become  respectively 

M  =  —  19  p'  (cos  a  —  cos  ^  +  a  sin  a  *  ^  sin  ^)  —  Q  p  (oca  a 
—  cos<^); 

Ps  —  Qcosa  —  topasina. 

Now  expressing  Xy  t/,  d  a  &Cf  in  terms  of  a,  there  obtains 

oj  =  p  sin  a,  y  =  p  (cos  a  —  cos  0),  cfx  =  p  cos  a  (£  a,  dy  ^  -« 
f)  sin  OL  d  oLy 

d  a  =  p  d  dj  a  —  D  B  =  p  an  <t>. 

Substituting  these  values  iu  Eq.  (X'),  there  obtains, 

to  p*  /* 

—  A  /  =  ^—  /   (sin  a  —  sin  0)  (cos  a  —  oos^  +  asina  —  ^ 

0 

rniKp)  d  a 

+  -^-^  /    (sin  a  —  sin  ^)  (cos  a  ^  cob  <f>)  d  a 
0 

-I L_  I  a  sin*  a  d  a  -{ I  sinaoosadoc, 

*  0  0 

From  the  reductions  required  in  the  algebraic  operations  of 
the  preceding  propositions,  sdl  the  differential  monomials  in  the 
foregoing   value    of  —  A  ^     can    be    readily  integrated,    except 
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/  a  sin*  a  d  o^  (*),  which  becomes  by  int^ationi 

0 

—  1^  a  sin  a  cos  a  +  J  sin*  «  +  !«*• 

Performing  then  the  algebraical  operations  indicated,  there  ob 
tains, 

—  A  ^  =  — ^  (  ""  I  "^'  ♦+7:^sin^cos^  +  1  —  cos^  —  ^sin^ 

Q  p"  /3  \ 

I  -  sin*  ^  —  ^sin^cos^4'C08<^  +  l) 

+  ^(-2<^8in«cosi^  +  Bin*«  +  i^*W|^8in*«,     (x) 

When  the  arc  ^  is  small,  which  is  usually  the  case  within  the 
ordinary  limits  of  practice,  the  preceding  expression,  by  suitable 
reductions,  the  details  of  which  cannot  be  entered  into  here,  re- 
duces to 

_  A  /  =  1.56  -T^s^  (l  +  0.0081  fjj.    (xO 

Although  the  preceding  expression  has  been  constructed  under 
the  supposition  that  ^  is  quite  small,  and  the  arch  very  flat,  in 

2/ 
which  case  ^  p  =  a,  and  ^  =  2  tan  i<t>=  — ^,  it  will  still  give  ap- 
proximate values  of  no  very  considerable   errors  when  ^  =:  -, 
in  which  caaef  =z  a  ^  p^  and  the  preceding  expression  becomes 

Case  2.  To  find  the  changes  in  the  versed  sine  of  the  cvrve  tohen 
tlie  weighty  or  load^  is  uniformly  distributed  over  me  chords  or  span 
of  the  curve. 

In  this  case,  as  the  weight  is  uniformly  distributed  along  the 

(*)  For  this  integration  see  Choxoh'B  Calouha.  art  160,  p.  384,  and  art 
190,  p.  264. 
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span,  caning  t/  the  weight  on  the  unit  of  leLgth  of  tlie  ^nui,  thai 
on  any  portion  of  ity  denoted  hj  ^  and  which  acta  perpencUcnlar  tc 
it,  will  bew^l. 

Adopting  the  same  notation,  only  changing  w  into  w\  mm  in  iht^ 
preceding  case,  there  obtains, 

—  ^u/p*  {an  ^  —  cin  o)*, 

for  the  moment  of  the  portion  of  the  weight  distributed  OTcr  thai 
portion  of  the  arc  which  corresponds  to  I B ;  u/  p*  sin  <f>  (sin  ^  — 
sin  a),  for  the  moment  of  the  vertical  reaction  at  B ; 

—  Q  p  (cos  a  —  cos  0),  for  the  moment  of  the  horizontal  reaction 
at  the  point  B. 

Therefore,  to  express  M,  there  obtains, 

M  B  ^  ^  to'  p*  (sin  0  —  sin  a)'  4-  u^  p'  sin  ^  (sin  ^  —  sin  a)  —  Q  ^ 
(cos  a  —  cos  0) ; 

in  which  expression  that  value  of  Q  (£q.  i^)  which  has  been  found 
for  the  honzoutal  thrust  when  the  weight  is  uniformly  distributed 
along  the  Bpan  must  be  here  taJcen. 

Substituting  in  £q.  (X'),  and  going  through  a  series  of  opera- 
tions and  reductions  in  all  respects  analogous  to  the  preceding 
case,  there  obtains, 

-A  r-Hl.^e'^;;/! +  0.0122  j^).    (yO 

From  calculations  made  of  the  exact  values  of  £^  fior  -^  and  ^, 
it  has  been  found,  that  the  one  given  by  the  preceding  expression 

IT  IT  , 

(y')  will  be  very  nearly  exact  for  j ;  but  that  for  -  the  result  will 

4  Ji 

be  noticeably  too  groat,  but  still  will  not  increase  A  X  i^^ore  than 

40  per  cent,  of  its  true  value. 

Table  of  the  average  values  of  the  Moduli  E  and  G. 

Average  values  for  E,  the  modulus  or  coefficient  of  longitudinal 
elasticity  for  some  of  the  more  common  building  materials. 

Cast-iron  E  =  17,000,000  lbs.  per  square  inch. 

Wrought  iron  bui-s  and  bolts..  29,000,000  «'      "         "         •* 

Wronght-iron  wii-e 25,300,000  "      "         '«        «* 

Steel  bars 31,500,000"      "         'i        « 

Pine  timber 1,600,000  "      "         '*        «« 

Oak  timber 1,700,000  ««<••• 


APPENDIX.  619 

A.verage  values  of  G,  the  modulus  or  coefficient  of  lateral  elasticity. 

Oast-iron G  =  2,850,000  lbs.  per  square  incL 

Wrought-iron 9,000,000  «      «•         "        « 

Pinetimber 89,000"      "         "        ** 

Oak  timber 82,000  "      "         "        " 

For  fuller  developmentB  of  the  subjeot  of  this  Nota,  see  Moeeley :  Meiihn^ 
otU  Principles  of  Mngineering  and  ArehUeeture,  Navier:  Cain  de  MicO' 
Hif%i4  J^tpUguit,    Bnsae :  Uaun  ds  Mieanique  AppUquU, 


^^^^^^r  INDEX.       ^^^^1 

^^H          Abbasiok,  oomparatiTe  resjst&nee  of 

Arch,  cjlindrical^  284                           ^| 

^^^H              stone  to,  17 

**    inverted,  or  counter ,  837             ^^H 

^^H          Abnimemt  piers^  295 

*'    linea  of  the,  288                           ^H 

^^1           AbutmentB,  248 

''    etonea,  248                                   ^M 

^^K                               how  strengtbened,  258 

'*    Burfacea  of  the,  282                      ^^H 

^^^^                       0fdome(i,25S 

''    triampbal,362                             ^H 

^^^H                       of  iroD  bridges.  325 

*'    volumes  of  the,  388                     ^^H 

^^^^^"^           **           of  snispeDBioD  bridges,  368 

Arched  bridges,  289                              ^^| 

^^m                               of  wooden  bridges,  310 

''      tmss,337                                   ^H 

^^H          Aocessoi7  worka  of  a  cocial,  438 

Arches,  248                                           ^M 

claaaification,  282                      ^H 

^^H          Adberanoe  of  mortar,  73 

««      oloi^tei^d,  258                          ^M 

^^H          Adbesion  of  iron  npikea,  170 

"      iron,  827                                   ^H 

^^^B          Adie,  effect  of  temperature  on  stonei 

masonry  of,  258                        ^^| 

^H 

''      oblique,  285                            ^M 

^^H          Agaric  mineral,  70 

leliering,  245                          ^H 

^^H          Air^  compreaaed,  use  of,  29t 

"      mptmre  of,  257                         ^^ 

^H           Air-Ume,  18 

*'      settling      of,       precautioni        1 

^B          iUr^locks,  donble,  224 

against,  258                                M 

^H          Air-alAking,  38 

wooden,  277,  321                      ^M 

^^m         Albany,  the  capitol  at,  239 

Architecture  for  bridges,  204               ^H 

^^^V          AlgierSf  mole  at,  5HB 

of  bridges,  307               ^M 

^^H           AU^banj  river  bridge,  344 

Areas,  230                                             ^M 

^^H           Allojs  for  pre^erviDg  iron,  06 

strain  on  unit  of ,  524               ^H 

^^H           American  bridgen,  807 

Armm,  48                                             ^M 

^^m                           iron  bridge^s,  326 

ArgflUceons  sands,  48                           ^^| 

^^H                            wooden  bridgca,  324 

stones,  8                            ^^H 

^^H          Analjaes  of  magneaian  limestones,  22 

Artificial  hydraulic  limes,  41                ^^M 

^^H                           of  po^zolana,  etc ,  43 

piigiiolanaa,  43                       ^^M 

^^^^         Anal^Bij}    of    Chittenimgo  hydranlie 

**       stone,  Eansome's,  63             ^^M 

^^^■^H                         limeatone,  21 

Asphalte  in  masonry,  255                      ^^M 

^^^^^B                    of  Manliua  hydranUo  lime- 

Aspbaltic  roadways,  etc. ,  427               ^^M 

^^^^H 

**        pavementa,  421                      ^^B 

^^^^H                   of  Ulater  Connty  hjdTaolio 

Aaphaltum,  75                                              1 

^^^^V                        limestone,  21 

Attrition,  resistanoe  of  stone  to,  16           ■ 

^          Angle  of  deflection  of  nula,  437 

^^M 

^^H                *'     of  repose,  407 

^^M 

^H           Appendix,  545 

BxcKmo,  in  masonry,  174                   ^H 

Backa,  in  masonry,  174                          ^^| 

^^H           Approach ea  of  a  bridge,  305 

Ballast,  advantage  of,  445                     ^^| 

^^H           Aqueduct,  279 

'^      for  raUroad.  484                      ^M 

^^^                     bridge,  279 

Baltimore  and  Ohio  R.  R.  grade^  489   ^H 

^^^^L                    bridgea,  391 

Bands,  flexible, for  incUDedplane(S,489  ^H 

^^^^V                    of  Fonuineblean,  187 
^^^^                      Potomac,  298,  806,  212 

Banks,  protecting,  of  rivers,  490          ^H 

Barlow,  experiments  on  wrought  ima,         1 

^^H           AqtM^ncta,  canal,  469 

154                                                 ] 

^^m           Ansh  braces.  320 

* '      experiments  with  bar  iron,l  48          1 

^^H            Ar<j^  ^ntrUg  the,  280 

**          0(D  elasticity  of  iron,  107             J 
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Baziow,  nditarioe  of  timber  to  de- 
trusioa,  130 
*^       Btroin  of  timber,  122 
''       strength  of  timber,  120 
Barkipg  trees,  80 
Barracks  of  Notre  Dame,  188 
Bars,  cast  iron,  effect  of  horizontal 
impact  on,  144,  145 
*•    of  rivers,  494 
"    of  wrought  iron,  strength  of, 

148 
**    river,  602 
Bartlett,  effect   of   temperature    on 

stone,  114 
Basins,  541 
Batter,  or  batir,  174 
Bays  in  bridges,  2»2 

'^    of  suspension  bridge,  357 
Beam,  rjutt  iron,  form  to  resist  trans- 
verse strain,  141 
**     <i  straining,  272 
Beams,  203,  205 

**      cast  iron,  rules  to  determine 
strength,  143 ;  curved,  595 
"     deflection  of  wooden,  128 
**      fishing  a,  208 
'*     iron,  influence  of  form,  188 
**     joints  of,  end  to  end,  208 
"      open- built,  271 
**      problems  on,  504 
"      supported  and  acted  on  l^ 
pressure,  504 
Bearing,  the,  205 
Bear- trap  gate,  554 
Bed  of  the  foundation,  190 

**    or  build,  in  masonry,  175 
Bed-plates,  experiments  on,  454 
Belgian  system  of  canal  locomotion, 

493 
Bell-metal,  98 
Benches  of  a  road,  412 
Berlin  castings,  polish  for,  102 
Best  pavement,  421 
BetoUf  40,  60 

**      agglomere,  04,  187 
**      strength  of,  118 
Beton- Coignet^  02 
Binder,  a,  in  masonry,  178 
Birdseye  marble,  10 
Bituminous  mastic,  74 
Boat-bridge,  391 
Boiler  iron,  strength  of,  148 
Bollman*s  truss,  337 
Bonds  in  brickwork,  184 

**     in  masonry,  179 
Bordeaux  bridge,  309 
Boucherie,  preserving  timber,  84 
oning  timber,  81 


Boll]ogll^  tftiilolal  n  jQzsmfe  i 

42 

Boulogne  pebbles,  20 
Braces,  204 

*^      for  detached  frames,  806 
Bracket  soaffolding,  185 
Brard,  effects  of  frost  on  stone,  14 
Bramah^s  table  of  strenaith  of  atome^ 

110 
Brass,  08 

''     strength  of,  107 
Breakage  of  steel  rails,  464 
Breakers,  ice,  818 

Breaking   strain  of   wronglii    iron, 
152 

**  weight  of  iron  tabei^  854 

Break-joints  in  masonry.  178 
Breakwater,  Algiers,  58o 
"  Delaware,  587 

**  of  Cherbourg,  586 

"  of  Plymouth,  587 

Breakwaters,  536 
Brecciated  porphyry,  5 
Briare  canal,  475 
Brick,  70 

'*      making,  77 

''      masonry,  188 
Bridge,  Alleghany  River,  844 

'^      at  Leavenworth,  220 

"      at  Nantes,  231 

**      at  Omaha,  229 

*'      at  Szegedin,  227 

^*      Britannia  tubular,  350 

**      buUt  by  Rendel,  809 

**      Coalbrookdale,  826 

**      definition  of  a,  279 

**      East  River,  229,  234,  8';9 

**      frame,  ribs  in  a,  822 

**       Fribourg,  370 

**      Grosvenor,  290 

**      Hariem,  226 

**      Knilenberg,  847 

**      LinviUe,  334 

**      Louisville,  339 

*'      Menai,  868 

**      Monongahela,  878 

**      New  London,  801 

**      Niagara,  874 

**      nomenclature,  814 

**      of  Bordeaux,  309 

"      of  NeuiUy,  295 

**      over  the  Dordogne  808 

**      over  the  Lary,  309 

**      over  the  Patapsco,  307 

^*      over  the  Savannah,  228 

**      over  the  Scorff,  230 

"      over  the  Theiss,  227 

'*      over  the  Tweed,  868 
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Bridge,  Post's  combmation,  343 

Bmnel,  Hun^erford  bridge,  871                               ^H 

**         **       iron,  MO 

Buck's  system,  286                                                    ^H 

*'      fitehuylkill,  317 

Buhr,  7                                                                       ^M 

**      Seekonk  River,  201 

Building  materials,  3                                         ^^^H 

*'      SoQthwark^  Sm 

Built  beam,  265                                                    ^^^H 

**      Staines,  32a 

Barnetizing,  83                                                     ^^^^H 

"      St  Louis,  831 

Burning  brick,  78                                              ^^^^| 

«*      St,  Louis  and  lUinou,  844 

Burr's  truss,  318                                                  ^^^^H 

»*       SimderhiGd,  326 

Buttresses,  205                                                      ^^^H 

"       swing.  Providence,  885 

^^^^M 

^*       Tewksbury,  326 

Cables  of  suspension  bridges,  360                  ^^^M 

"       Viotoria,  854,  2ia 
*^      Wnterloo,  2»2 

Caisson  dams,  212-217                                          ^^^M 

(in  arches),  25.5                                       ^^^1 

Bridges,  37$) 

pneumatic,  229                                      ^^^^| 

**        American,  307 

ColcarcouA  sands,  48                                          ^^^^H 

'«       approaches  of,  305 

stones,                                               ^^^^1 

''       jiqaedtitit,  391 

Calcination  of  lime^toDe^  25,  36                       ^^^^| 

**        arched,  2m 

Oalculatiou  of  tioUd  conteota,  409                     ^^^^^H 

**       architecture,  807 

GaledoniMn  canal^  491                                          ^^^^^H 

•*        bays  in,  282 

Oanal  aqueducte,  480                                        ^^^^^| 

**        boat,  3D1 

**     aqueduct  bridges,  392                             ^^^H 

"        nana],  490 

'«    Briare,  475                                              ^^H 

•*        cast  iron,  825 

''     bridges,  41)0                                             ^^H 

**        celebrated  wooden,  324 

««    bridges  of  K.  Y.  State,  8in                    ^^H 

"        oonstniotion  of,  294 

'*    Caiedoman,  491                                         ^^H 

"        dmw,  381 

'*     Chenango,  476                                          ^^^H 

**        effect  of  temperature  on,  831 1 

*'    culverts,  489                                            ^^^M 

•*       English,  307 

*'    Erie,  403                                                   ^^H 

**              **      iron,  326 

''     feeders,  474                                             ^^H 

••        French.  307 

**    gauging  for  a,  475                                  ^^^^M 

**              '^     iron.  320 

'*     ock,  472                                                 ^^H 

**        iron,  American,  320 

"    look-gates,  487                                        ^^H 

•*          "'     European,  327 

**    looks,  482                                                     ^B 

**          ''     trussed,  332 

"    locks,  lift  of .  479                                            M 

'«        location  of,  280 

''    reservoirs,  474,  476                                        ^B 

*'       morable,  880 

''    Eideau,  492                                              ^^H 

*♦       of  N.  Y.  State  oai:^  821 

^*    temporary  dams,  490                              ^^^^| 

••        piers  for,  205 
*^       rolling,  380,  301 

«'    tide-look,  490                                           ^^H 

**     waste  weir,  490                                         ^^^H 

"        stone,  379 

''    Wellaml,  492                                           ^^^M 

"          *•       of  Europe,  308 

Canals,  407                                                        ^^^H 

**        style  of  architecture,  294 

accessory  works  of,  488                          ^^^^H 

**       Euperstmcture  of,  3()i3 

*'•    crofts-BGction  of,  470                                 ^^^^| 

^*       suspension,  357 

**    embankments  of,  469                             ^^^H 

"       tubular,  847 

**    English,  491                                             ^^H 

**        taming,  384 

*'    experiment  on,  478                               ^^^^| 

'*        water  wings  of,  30§ 

''    French^  492                                             ^^H 

"       wing'watls,  299 

**    inU.  S.,  487                                            ^^H 

•*       wooden,  310 

^*    Langnedoc,  475                                       ^^^H 

**        wrought  iron,  347 

''     leakage  of,  472                                         ^^H 

Bndle  pieces  274 

«'    levels  of.  480                                         ^^H 

Britannia  tubular  bridge^  350 

''    location  of,  469                                     ^^H 

Broken-stoue  road  covering,  428,  425 

**    looomotioQ  on,  493                                  ^^^^| 

Bronxe,  98 

'*    the  St  Lai!vn^nce,  492                            ^^^M 

Brown,  tensile  strength  of  east  fron, 

*^     water-snpply  of,  471                                 ^^^^| 

131 

Capitol  at  Albany,  239                                      ^^^M 

'*      Tweed  bridge,  308 

«'     roof  of,  at  Montpelier,  iOIX              ^^^M 

Brunei,  experiment  arch,  184 

^^H 

1^ 

_^^^^^^^^^l 

^^H                                                                                   IKDCZ.       ^^^^^^^^^^^^^^H 

^^^^H            Gapping,  2.tr» 

Common  mortar,  46            ^^^^^^^^H 

^^^H             CariM^rjlTy, 

Compotit  limestone,  9                          ^^^1 

^^^^H            CarroUtoti.  vrndaGt*  308 

Comparative  strength  of  Imm,  8ltd,^^^H 

^^^^H            OMt-iroii  bars,  effeot   of   borizontol 

and  hemp  rope,  15ii                                  ■ 

^^^^^^                     iropnot  on,  144,  145 

Component  parte  of  stnictar««,  888        ^B 

^^^^^^H                     beam,   form  of    to    resirt 

Composite  looks,  oftaal,  487                      ^B 

^^^^^^H                         transverse  Btmin,  141 

posts,  bridge,  Ml              _■ 
Compr^seed  air  for  ttuinellinf  ,  4til  ^^H 

^^^^^B                      bnrigem  325 

^^^^^1 

nse  of.236                 ^^B 

^^^^^H                      for  building,  89 

Compressible  soils,  foaodfttionB  in.  ^^H 

^^^^H                      lockera  for,  tOl 

192                                                    '       M 

^^^^^■^                      fltren^^h  of,  131 

Compression,  resistAnoe  of  eaet  iron       H 

^^^V            Ciitch-w&tor  dr»tTiR,  418 

to,  lai                       ■ 

^^^1            Ced&r,  m,  m 

-^          teslfltonce  of   wnmglit       H 

^^^H           Cementf  hydraalio,  18,  19,  90,  49 

iron  to,  154                         ■ 

^^^^H                          injected  intonmaonrjf  901 

Compressiqg  roads,  427                              ■ 

^^^H                            limefltoTiefi.  18 

Compressive   strain,    resistaace     of         1 

^^^1                             Portland,  20 

timber  of,  122                                           ■ 

^^^^^^^                    Portland,  etrengtb  of,  117 

Conclusions  on  strength  of  wrtniffbt       S 

^^^^^^B                   Roman  or  Parker's,  13 

iron,  149                                                   ■ 

^^^^^^^H                    Bom&D,  Btron^h  of,  118 

Concrete,  46,  59                                         ■ 

^^^^f          Oomenti,  Brtlficiol  hydmuUo,  41 

'*•        Clarke'n  frame  for,  180             ■ 

^^^H                            bjdraiilio,  Ublen  of,  20 

"         dtirabUity  of.  71                  __^ 

^^^H           Central  Pooiac  gmde,  4:J9 

walls,  185                           ^^H 

^^^^B           Cftntre  of  elasticity,  •'SrSS 

strength  of,  118                 ^^H 

^^^H           Centres  of  arohes,  2HU 

Conglomerate  marble,  10                     ^^^B 

^^^^B           Chaina  of  soBpeiudoi)  bridges,  800 

Conoidal  arcb,  250                                      H 

^^^^B           Chalef,  FriboQTg  bridge,  iilO 

Constable,  embankment  waHe,  94i          ^M 

^^^H            Cb&rA43terB  of  gootl  brick,  78 

Constraotioci  of  bddgea,  2&4                     ^M 

^^^H                             of  hydraulic    Umeatonefl, 

masonry,  288            ^^H 

^^H 

Contents,  eoUd,  of  a  rood,  409           ^^^H 

^^^^B            Chenango  canal,  47G 

Contraotion  of  solids,  106                   ^^^H 

^^^^B            Cberbotirg  break  water,  5S0 

Copal  ramish,  101                              ^^H 

^^^H            Chestnut,  88 

Copper.  98                                            ^^^H 

^^^^B            Chittenongo  bjdranlio  Umeatone,  21 

strength  of,  166                     ^^B 

^^^^B           CbnToh  of  beton  agglomere,  187 

Corbels,  272                                             ■ 

^^^^B            CUrke,  frame  foreoncreto,  186 

ConoUs,  table  of  wear  of  atoii#,  17     ^^H 

^^^H           Clark,  re«iiitaiioe  of  iron  to  shearing 

Corrugated  iron,  97                               ^^^B 

^^^H                strain,  161 

Counter* arch,  237                               ^^^H 

^^^^B            Claasifio&tion  of  arohea,  289 

currents,  504                         ^^^H 

^^^H                                    of  ma»onrTf  174 

Connterforts,  244                                ^^^B 

^^H                                   of  soils,  ti^O 

Country  roads,  425                             ^^^H 

^^^B            aeaning  roads,  Am 

Course,  in  masonry,  174                     ^^^H 

^^H            Cloistered  arcbea,  258 

Courses,  foundation,  236                     ^^^B 

^^^^B            CloAe  joints  in  masonry,  177 

Courting  joints,  286                            ^^H 

^^^^B            Coalbrookdale  bridge,  H26 

Covered  drains,  417                             ^^^H 

^^^H            Ooal'tar  for  masonry,  260 

Covering  of  road,  brolcen  stone,  4tt         B 

^^^^B            Coelfioients  of  liaear  expansioiif  167 

42!i                                                  ^        M 

^^H            Cojfer^ama,  208,  212 

Coverings,  road,  419                             ^^^H 

^^^H           Coffers,  strength  of,  166 

Cramping  mctjxl,  a,  99                         ^^^^| 

^^^H            Coignet-betoo,  187 

Crib-work,  HIO                                     ^^H 

^^^H                                     proportions  for»  189 

coffer-dams,  819               ^^H 

^^^H            Coignet,  obarch  built  by,  188 

Cross  dimensions  of  roadv^  480           ^^^^B 

^^^^^1            Coign  of  B  mill,  54 

''    mitre  drains,  418                        ^^H 

^^^^B            Coloring  iimb«r,  B5 

*«    sectioa  of  a  oanal,  47t               ^^^B 

**    strains,  frames  for,  884               ^^^B 

^^H               189 

'*    tie  for  railroad,  434                            ■ 

^^^^B           OommTQ  limestone,  1 

Croiiing-places,  423                                   ■ 

^^m                                          ofpsx.                                                 ^H 

^^m  Cro«am^-p]ate,  437 

Dove-tail  joint,  271                                         ^H 

^^B  CVoaaings  of  railioadii,  436 

Drainage  of  a  road,  418,  416                          ^^H 

V         Cnishing  force,  measure  of,  106 

Brain  in  tunnels,  442                                      ^^^| 

■          Cubical  stone  pavement,  42*i 

Drains,  417,  418                                                ^H 

m          Culvert  of  canal  reservoir,  478 

Draught,  prism  of,  474                                    ^^M 

■          Culvert,  417;  canal,  4^ 

Draw-bridges,  381                                              ^M 

m          Curb  stonea,  42;^ 

Dredge,  chains  of  suspension  btidge^           _^^| 

■          Currents,  534 

^H 

Drift  in  a  tunnel,  440                                     ^^M 

■          Curved  beams,  595 

Drip  of  a  bridge,  302                                     ^^H 

K^    Corvee  of  railroadBf  iB6 

Driver,  pile,  197,  198                                     ^H 

^^K  Cut  Btone,  174 

Drying  brick,  78                                                 ^^M 

^^M  Cjlindrical  arch,  234 

Dufour,  experiments  relativ«  to  aiu-           ^^H 

QrliDdrical  colomuB,  reslfitanoe  of. 

peufiion  bridges,  307                                    ^^H 

182 

Duleau  on  elasticity  of  iron,  106                    ^^H 

PjTpreai,  89 

Duaiop,  resistance  of  iron  to  torsion,  ^^| 
Doxabilitj  of  concrete,  71                               ^^| 

Dams,  coflfer,  208,  213 

**       of  canal  reaervoirR,  470 

of  iron,  94                                       ^H 

Dangeroufl  8<'Ction,  555 

of  mortars,  57                                ^^M 

Daniel  and  Wheatstoue,  strength  of 

of  rails,  433                                    ^H 

fitone,  112 

of  stone,  13                                    ^H 

Deductions  from  experimente  as  to 

**         of  suspension  bridges,  867            ^^M 

strength  of  stone,  1  i:i 

of  timber,  86                                  ^^M 

Deductions  from  Von  Weber*sexperir 

Dutch  dikes,  542                                              ^H 

ments,  4(51 

^^^1 

Dee.  bridge  over  the,  200 

Eable's  method  for  preseiring  tim>           ^^M 

Defects  of  Umber.  82 

ber,  84                                                            ^H 

Definitions  in  bridge  noineaclaturfl, 

Earthen  dams,  476                                          ^^H 

314 

Earth  for  brick,  77                                             ^^1 

"          in  masonry,  174 

Earth -work  of  a  road,  411                               ^^^| 

Deflection,  angle  of,  of  rails,  437 

East  River  bridge,  229,  234,  379                    ^H 

"•          of  wooden  beams.  128 

Edge-raiU,  4;:tl                                                   ^H 

Deflections,  eflfecla  of  time  on,  IM 

ElTect  of  horizontal  impact  on  eai^            ^^H 

^^^  Dela&eld,  tubular  ribs,  328 

iron  bars,  144,  145                            ^^H 

^^HDekware  breakwater,  537 

of  teniperatare  on  copper,  107            ^^H 

^^■D'ltaof  rivcni,  495 

^^      of  temperature  on   maaonir,            ^^H 

^^K  Depot  roof  truss.  309 

^H 

^^HDesfontainca  dam,  526 

"      of  trains  on  sleepers,  448                    ^^H 

^^^H[Defltroyer>i  of  timber^  86 

of  speed  on  roads,  443  ^H 
EffeotB  of  bed-plates,  454                               ^H 

^■Deterioration  of  hydiaulio  cement) 

40 

of  frost  on  stone,  14                           ^^H 

DetTusion,   resistance  of  timber  to, 

of  heat  on  stone,  15                            ^^H 

130 

*'      of  temperature    on   Mdge*.            ^^M 

Dikes,  542 

331                                                  ^H 

*'      longitudinal,  on  rivers,  409 

"     of  tentperature  on  iron,  137               ^^H 

Dimensions,  cross,  of  roads,  429 

**      of    temperature     on    tensile             ^^H 

**           of  a  lime-kiln,  29 

strength  of  wrought  iroiL,            ^^H 

*'           of  a  waU,  240 

158                                                   ^H 

DisJc  piles,  197 

**     of    time    on    elongation    of            ^^H 

wrought  iron,  155                            ^^H 

H^DockH,  wet,  541 

^*      of  time  upon  detiectiona,  136             ^^| 

r^  Dolomites,  10 

Elasticity,  centre  of.  502                                 ^^H 

■          Dome,  251 

lateral   and  longitudinal,             ^^H 

I          Domes,  abutments  of,  253 

501                                                ^H 

1              **        and  roofs,  400 

limits  of,  106                                 ^H 

I         Dordogne,  bridge  over  the,  808           < 

Elbow-joint,  252                                               ^H 

■         DouMe  air-locks,  224 

Elbow-joints  in  masoniy,  176                          ^^H 

626 


Elbows  of  men,  494,  497 
Elongmtion  of  wrought  iron,  156 
Embankment  of  canala,  460 
waU  for,  240 
'«  of  roada,  409,  414 

BmbmkmentB,  settling  of,  414 
Emj  on  wayea,  535 
Endoaoze,  walla  of,  238 
Enginea,  pile,  197 
England,  paTementa  of,  431 

''       pUea  in,  208 
RiglJHh  bond  in  bdok-wocky  184 
"^      bridgea,  307 
**      canals,  491 
'^      iron  bridges,  326 
Enlsigement  of  water  way,  806 
Erie  cuial,  473, 493 
Borope,  beton  agi^omere  in,  187 

' '  *        stone-br^ea  of,  808 
European  iron  bridgea,  327 

^*'       wooden  bridgea,  824 
BzoaTations  for  a  road,  411 
Expansion,  linear,  167 

of  stone,  114,  115 
Biperiments  of  Von  Weber  on  raiU, 
442 
^         on  bars  of  hot  blast-iron, 

139,140 
*'         on  bed-plates,  454 
««         on  canaJs,  472 
**         on  oast-iron  bar  by  im- 
pact, 144,  145 
**         on  force  of  traction.  407 
^         on  permanent  ways,  444 
**         on  strength  of  frames, 

274 
**         on  strength   of   mate- 
rials, 104 
**         on  suspension  bridges, 

867 
**         on  transTerse  strength 
of  oold-blast  iron,  136 
^'         on  tube  for  bridge,  850 
**         on  wronght-iron,  154 
Extension  of  solids,  106  ' 

^*         resistance  of  oast-iron  to, 
181 

Face,  in  masonry,  174 
Facing,  in  masonry,  174 
Fairbttini,  effects  of  time  on  dAfleo- 
rions  of  horizontal  bars.  136 
^^        experiments  on  plate  uon, 

147 
**         on  cast-iron,  92 
**        ratio  of  resistances  of  hot 
and  oold  blast  iron;  146  • 
«*        strength  of  steel,  164 


Fairfaaon,  tanad^  of  inm,  138 
tnbolarfandgei^Stt 
Faacuie8»4l9 
Fatlimca,18 
Featozes  of  rtren,  494 
Feeders,  canal,  474 
FeiUng  tzeei,  80 
Fender-beama,  811 
Fender  for  bddga  pien^  2K 
Filling,  in  maaonzy,  174 
Fink  traas,  888 

Fmlay^  mnpermum  faridses^  9S7 
Fire-fariok,79 
l^TO  stono,  7 
Fish-bellied  rail,  481 
Fishing  a  beam,  268 
Fiak,  eiqieriments  on  canaki  478 
Flagging,  7,  8 
Flaah  pointing,  260 
Flemidi  bond  in  brick-wozk,  184 
Flexible  bands,  for  inclined 

439 
Folding  wedges,  266 
Fontainebleao,  aqnednct  oi^  187 
Force,  shearing.  560 
'    *'      of  the  wind,  394 

''      of  tzaction,  407 

^^      to  draw  spikes  oat  of  i 
456 
Forces  and    strains,    relatloiMi    be 

tween,  563 
Forest  trees,  86 
Form,    influence   of,     on   casi-iron 

beams,  138 
Form  of  a  lime-kiln,  29 

*•     of  a  wall,  240 

*'*     of    cast-iron    beam    to  zesisi 
transyezse  strain,  141 

*'^     of  section  of  retaining  wana,24S 

*'      sand,  for  payementa,  421 
Formula  for  breaking-weight  of  irao 

tubes,  354 
Foundi^on  courses,  236 

<«  definition  of,  190 

Foundations  by  pneumatic  prooesass, 


double     air-locka     foK, 

224 
in     compressible    aoiL 

192 
in  marshy  soils,  198 
hiteral  yielding  of,  204 
of  land  stmctuzes,  190 
of  structures  in  wattii 

208 
on  piles,  196 
rook,  191 
192 


it 


PotUidationBf  saod  for^  203 

*'  fttony  ground,  191 

Fox,  iron  trufised  bridgea,  B33 
Frame,  a,  2«3 

*'      bridife,  dbfl  lA  n,  SaS 
Framee  for  oroBs-straiiuif  204 

'*       BtrenflTth  of,  274 
Framings  263 

*'         for  intermediate  supporta, 
272 
France,  pavements  of,  422 
*'       pile-driving  in,  300 
**       tubiUar  ribs  in.  S20 
Freestone,  7 
Frenoli  bridges^  807 

eaniU  feeders,  475 
canak,  4'J2  ;  dlkeSf  543 
engineers,  on  roads,  426 
experiments  on  utrengt^  of 

frames,  274 
iron  bridgeii,  '62^ 
method  for  leaks  in  walls^  200 
mortars  and  cementA,  50 
Fribourg  bridge,  370 
Frost,  action  on  masonrjr,  201 

**      action  on  stone,  14 
Frost^s  table  of  oomparative  resist- 

ance  of  abraaion,  17 
FucoideA  demmm,  10 
Fuel  for  lirae-boming,  27 
Funk's    experiments     on     railway 
spikea,  4ol 


Galvanizing  iron,  t5 

Gas  houses,  roofs  of,  307 

Gat^es,  canal  lock,  487 

Gauge  of  a  railroad,  435 

Gaii^nng  Tor  a  canal,  475 

Gillinore,  on  Hoffman  lime-kiln,  84 

Girard  dam,  530 

Girdling  fcreea,  80 

Gueius,  0 

Grade  of  railroads,  430 

Gradients,  40Ji 

raibroftdi.  4?8p  439 
Grand  Tnmk  road,  432 
Granite,  6 

Grant,  on  Telford^  eta ,  rosds,  435 
**     strength  of  Portland  cement, 
117 
Granular  limestone,  9 
Gravel  roads,  425 
Gra^irocke  slate,  8 
Gxeat  Western  Eailway,  433 
Greenstone,  5 
Grillage,  a«  193 
Groins,  seacoast,  543 
Oroerenor  bridge,  260 


Grout,  46 

Guard  for  bridge  piers,  395 
''      lock  of  a  canal,  490 
Gun-metal.  98 
Gunpowder  pile-dnTer,  198 
GjpBum,  18 

Hall'6  method  for  arches,  288 
Harbors,  538 
Harlem  bridge,  226 
Headers  in  masonry,  177 
Heading  in  a  tunnel,  440 
Heat,  effects  on  stone,  15 
Hodgkinson,  on  blast  for   cast'tron, 
91 
"  on  cylindrical  oolnmnj^ 

132 
^*  on    elasticity  of    oMt 

iron,  106 
"  on  pillars,  185 

^*  ratio  of   reslBtanoes  of 

hot   and    oold  blast 
iron,  140 
'*  recistance  of  iron  wire 

to  impact,  101 

**  resistance     of     square 

pillars,  123 

Hodgldnson^e  experiments    on  plats 

iron,  147 

"  form   of  iron  beams 

138 
'*  form  nice  for  strength 

of  cost-iron  beams, 
143 
'*  measure  of   orashing 

force,  108 
*«  afcrain  of  timber,  122 

**  strength  of  cast-iron, 

131 
Hoffman  lime-kiln,  34 
Hoosnc  tunnel,  442 
Horizontal  bars,  deflections  of,  136 
Horizontal  thruflt,  4(00 
Hombtende  slate,  8 
Horn-stone,  7 
Hot-blast,  economy  of,  91 
Howe's  truss,  317 
Hndson,  wing-walls  on«  499 
Hungerford  bridge,  871 
Hydraulic  oement,  18,  1(1,  20,  49 
cements,  table  of,  20 
lime,  18,  19,20 
limes,. artificial,  41 
^*        limes,  most  suitablu,  65 
lime^one,  11,  12,  18 
hmestonee,  characters  and 
testa  of,  23 
**        taortar,  40,  48 


^^^^^^    638                                        rwDKr.             ^^^^^^^^^^^^^^B 

^^^V         tcK-muunma,  518 

JehnsMU  adbedon  of  fnm  9§tkm^  ITl 

^^^B           ttm,  to  ifVMd  btidg«»  ifftlmA.  908 

effects  of    theaDO'l«oeiof»« 

^^^^H           Improir^  tnotloa  in  iteel  nili,  465 

tm                                   ^m 

^^^^^^H           bnproTemtiila  of  liTcn,  466 

JToint,  dore-tail,  271                                   .H 

^^H                                  oftlMlnak,406 

*«    elbow.  252                                ^^H 

'*    ieurf,2ei8                                ^^H 

^^H          bdlaad  ]a«a«i,  490 

Joints,  264^  207                                  ^^H 

^^^H                           itreeu,  273 

oouiatng,  288                            ^^^^H 

^^^^H           IiuireiiAlngitnD^ofrotAimiur-iralls, 

in  muonry,  175                      ^^^H 

^^^1 

mortise  and  tenoe,  270           ^^^H 

^^^^1           liifliMDCo  of  form  on  ea^iton  baftma, 
^^^^H            Iii]«otia|t  oeRKmt  into  mhaomj,  261 

''     of  beams  end  to  end,  260       ^^M 
■'     i«a,404                                  ^^H 
*'     tie,  271                                   ^^H 

^^^^K           Ininrf  of  niortar,  51 

JoisU,2e4                                          ^^H 

^^^H           latcnnitte&tiime-kilna,  28 

Joniper,  82                                       ^^^H 

^H 

^^^^m          lavefted  ^roh.  237 

Keys,  266                                         ^^H 

^^^^1          Ifon  ft7cit««»  S27 

Kilns,  llroe^  27                                      ^^H 

^^H               ''   bHdge  at  StiOiiQi,  8S1,  832 

King-bolt,  266                                        ^^H 

^^^H               *'   bridge,  roi>t'«,  840 

^^    poet,  278                                          m 

^^^^B               '*  btidgGhn  EuropMB.  8S7                  KirkAldj,  effect  of  hefttoa   vrcorti^^^H 

^^H              '•  Qftift,  aO                                                               iron,  161                       ^^H 

^^^1              ''  6ft«t«  hridffeii,  825 

expeHmeDts   on   wnmin^^^H 

^^^H               ''   oa<  i»tr«D^  of,  \U 

iron,  140                          ^^^H 

^^^^m                *^   oold  blaiit,  atrctigth  of,  ISC 

strength  of  steel,  164          ^^H 

^^H             "  dimi^iiv  of,  H 
^^^^m              **  effeott  of  tempentiue  on.  137 
^^^1             '*  for  buUdiD^,  ^ 
^^B               «'   neaina  jixU  of,  107 

Kuilenbeif  bridge,  847                      ^^^M 
Kjanidmr,  88                                      ^^^H 

^^^^H 

Lackebs  for  oesi  Iron,  101                ^^^H 

Landlocked  roadstead.  586                ^^H 

^^H               *'   ]>Ue«,208 

Land  stnietnres,  foundations  of,  190       ^H 

^^H                  plUm,  184 

Langnedoo  canal,  475                                 ^M 

^^^B                ^*    pmt«Qiion  of,  94,  05 

Larch,  88                                                      ^1 

^^^H 

Larmier  of  a  bridge,  802                             ^M 

^^^^H               **   reiiiiitimce  toabeiuipgBtrain,  101 

Lary,  bridge  OTer  the,  800                         ^M 

^^^^H                   roof  tniMoa,  800 

Lateral  forces,  rofiUtonoe  of  nil  la,        ^H 

^^^H              ''  ipikci,  adhedOQ  to  Uubtsr,  170 

442                                     _^fl 

^^H              "  ieeeKSTt  08 

^etdini:  of  fonndatioofl,  SM^^^H 

^^^H               *<   tniMod  bridges,  832 

Latrohe.  bndge  built  by,  807             ^^H 

^^^H               *'   tuboB,  bfeftking^weight  of,  mi 

Latttco  truss,  81^                                   ^^^H 

^^^^H               ^*  wire,  roiletiiuee  to  Impact,  161 

Lead,  00                                                ^^H 

^^^H               *^   wrought,  0? 

strength  of,  167                        ^^^H 

^^^^H               '*    wrought,  r^nect«  of  temperfttare 

Leakage  of  a  canal,  472                       .^^^1 

^^^H 

Leaks  in  walls,  260                             ^^H 

^^^^^H                "    wrought,  dongatJ on  of,  155 

Leaning  retuning-walL  248               ^^^^M 
Leavenworth  bridge,  220                   ^^^H 

^^^^H                *^    wrought,  Kirkaldj's  condiuioDi 

^^^^H                         on  iitrength  of,  140 

Levels  of  canals,  480                           ^^^^^H 

^^^^1              **   WTonghtt  re«J8timoe  to  oompree> 

Lewis,  a,  in  mosoruy,  182                  ^^^^B 

^^^H 

Lift  of  oanal  locks,  470                       ^^H 

^^^^B               **   WTongbt,    resuftanoe    tc    tzant- 

»'    prism  ot  474                                 ^^^H 

^^^^H                        Ter«e  Mtrain,  154 

Lighthouse  of  Fort  Bald,  187             ^^^M 

^^^^1               **  wrongbt  strength  of,  H7 

Lioie,  IB.                                             ^^^M 

^^^^H               **   wrought,  therrmo-tetudon  of,  101 

burning  in  U*  S.,  81*               ^^^M 

''      kilns,  27.                                    ^^H 

^^^^1            jAPAlf  yamiih,  101 

stone,  0,                                     ^^^H 

^^^^1           Jervis,  experimestft  on  oanjdi,  472 

Limes,  bydraulio,  most  suitably  66        ^H 

^^^^1                      on  oenal  NMirtoIxB,  470 

Limestone,  caldnation  of,  25.                   ^H 

^^^H            Jeitiee,  568                                           '  Umita  of  ehistfoitj,  100.                     ^^H 

^                                              mBEx.                                       6M       ^^M 

UmitB  of  xeoktaiifle  on  the  nmt  of 

Marshy  ad  [a,  4  9                                         ^^M 

area  to  a  Afcrain,  563 

soils,  f oandations  in.  195               ^^H 

Linear  contractioa»  eto.,  of  metals, 

Mssoniy,  172                                                 ^^^ 

gtc.^  from  temperature^  107 

component  parts  of  struo-          ^^H 

**      expanaion,     ooelfiaieiit«     of. 

tures,  238                                  ^H 

la? 

*^         construction  of,  286                     ^^M 

Lines  of  the  arcbt  283 

dams,  476                                     ^H 

Lintel,  247 

**        effect  of  temperatore  on,         ^^H 

Linville  bridge,  884 

261                                            ^M 

Liverpool  and  Maneheflter  load,  rail 

of  arches,  258                               ^M 

of,  431 

of  tunnels,  441                              ^H 

Load,  effect  on  roada,  445 

repairs  of,  260                              ^H 

Location  of  a  bridge,  290 

MasUo  for  rooda,  428                                   ^H 

H            "         ofcanala,  460 

Mastics,  74                                                    ^H 

^^H                     of  common  roada,  40$ 

Materialh,  building,  8                                  ^H 

^^V      IfOonlitj,  effect  on  stone,  15 

for  frames,  268                           ^^M 

m             Lock  and  dam  Davigatiojx,  531 

for  roads,  428                                ^H 

H                 **     ^ates,  canal,  487 

strength  of,  104                         ^^M 

■                ''     of  a  canal,  473 

Meaner  limea,  18                                            ^^H 

H               *  ^     tide  or  gnard,  of  a  oaoal,  400 

Meann  for  centring  the  arch,  290               ^^H 

■            Lodu,  canal,  482 

Meamre  of  crushing  force,  108                    ^^H 

■                        forbasiiia,511 

Mt^o.'^tires  against  taundatiaon^  498               ^^H 

^^          "       left  of  canal,  470 

for  increasing  strength   c^          ^^H 

^^H     Locomotion  on  canala,  493 

retaining-walls,  244                   ^^H 

^^B     Locust,  8^ 

Menai  suspension  bridge,  808                      ^^H 

V            London  bridge,  new,  801 

I^Ietal  fastenings  la  maaoniy,  180               ^^H 

H            Longitudinal  dikes  on  rivers,  499 

Metals,  S9                                                     ^H 

H            Long'H  trow,  315 

strength  of  167                               ^^M 

H            Lotssea  of  water  in  a  canal,  473 

Methods  of  powdenog  calcined  lime           ^^H 

■            Louisville  bridge,  339                             i 

stone,  87                                       ^^U 

H            Lowlands,  dikes  to  protect,  542 

of    preserving   surface    of          ^^H 

■            Lnniachella  marble>,  10 

atone,  103                                   ^H 

H 

^*       of  seasoning  timber,  81                 ^^H 

^^^ 

^*       of  strengthening  maaonrr,          ^^H 

^^K     McAi>AM,  pavement  of,  424 

^M 

^^H     McCallnm's  tmsa,  3'^0 

Mica  sUte,  0                                                   ^M 

^^      McDonald,  awing  bridge  by,  885 
■            Biacadamired  roada,  ^4 

Mill,  Ft.  Warren  mortar,  62                        ^^1 

''    of  Coignet,  54                                     ^H 

H            Machines  for  mortar,  51 

MUbitone,  7                                                    ^H 

H            Machines,  power-drilling,  442 

Mmard  and  Deaormes,  strain  oi  tim*          ^^M 

^^^      Macneill,  force  of  traction,  407 

ber,  122                                                      ^H 

^^K     Magneeian  limestone,  10 

Mineral,  agaric,  79                                          ^^H 

^^H     Main  chains  of  suspension  bridges. 

tar,  74                                               ^H 

~         868 

Model  tube  for  bridge,  349                           ^^1 

Malaxator,  the.  H 

ModUHons,  802                                                ^H 

Mallet,  caoutchouc  Tamiah,  102 

Modulus  of  lateral  elasticity,  ml                ^H 

*'      on  preserving  iron,  04,  95 

of    longitudinal    elasticity           ^^H 

**      report  on  iron,  90,  91 

561                                               ^^H 

*'      varnish  for  sincked  iron,  1 02 

Mole  at  Algiers,  538                                      ^H 

Mallet^g  processes  for  preserving  iron, 

Moment  of  rupture,  554                                ^^K 

07 

Monongahela  wire  bridge,  878                       ^^H 

Manipulations  of  mortar,  51 

Mont  Cenis  railroad,  439                                ^^M 

Manilas  hydraulio  limestone,  20 

tunnel,  442                                 ^H 

40 

Montpclier,  roof  of  capital  «t,  400.         ^H 

402                                                              ^M 

Morin,  cubical  stone  pavements,  423           ^^^H 

Map  and  memoir  for  a  road,  405 

Marble,  9 

Mon-iH,  on  roads,  409                                     ^^H 

Marblefl,  10                                           1 

Mortar,  46                                                    ^H 

630 
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Mortar,  adherence  of,  73 

'*      bed  in  brickwork,  184 

**      how  injured,  51 

«*      hydranHo,  46,  48 

**       manipulations  of,  61 

**      miU,  52 
MortazB  exposed  to  weather,  60 

*'       setting  and  darabilitj  of,  67 

"       strength  of,  115 

**       theory  of,  58 
Mortise  joints,  270 
Movable  bridges,  380 

Nantes,  bridge  at,  231 
Narrow  gauge  for  railroad,  436 
Natural  features  of  riyers,  4M 
*'       pu£zolanas  in  U.  S.,  43 
Navigable  canals,  467 
Navigation,  slack-water,  631 
Neuilly  bridge,  205 
Neutral  line  or  axis,  106 
Newell  stone  in  masonry,  176 
Niagara  suspension  bridge,  374 
Nomenclature,  bridge,  314 
Norton,  deflection  of  wooden  beams 
128 

Oak,  87 

Object  in  framing,  263 
Oblique  arches,  2^ 
Obstructions  in  rivers,  630 
Offsets,  236 
Omaha  bridge,  229 
Open-built  beams,  271 
**     side  drains,  417 
Operations  in  tunnelling,  440 
Oriental  granite,  6 
Owen,  effects  of  frost  on  sN>ne,  16 

Page's  lime-kilns,  84 
Paint,  black,  101 

**      gray  or  stone  color,  lv;l 

**      lead  color,  101 

*'     white  (for  exposed  wood),  101 
Paints,  100 

Palladiumizing  iron,  97 
Pallu,  church  buUt  by,  188 
Parallel  rail,  432 
Parapet  of  wooden  bridge,  323 
Paris,  concrete  walls  in,  185 

**     sewers,  188 
Park,  Central,  of  N.  Y.,  roads,  425 
Parker^s  cement,  12 
Pasley,  artificial  hydraulic  lime,  41 

*  *       hydraulic  cements,  50 

•*       on  adherence  of  mortars,  78, 

74 
^      strength  of  stone,  111 


Patai)eoo,  bridge  over  the,  807 
Pavement,  best,  421 

**         of  cubical  stone,  419 
"         rubble,  421 
Pftvements,  419,  420 

asphaltic,  421 
''  in  England,  421 

"  in  France,  422 

''  stone  for,  420 

'*         wooden,  421 
Paving-stones,  420 
Pebbles,  Boulogne,  20 
Permanent  strain  in  stone,  118 
''         way,  stabiUty  of,  443 
^*         ways,  experiments  on,  4il 
Perpetual  lime-kilns,  28,  81 
Petot,  on  lime-kilns,  20,  80 
''      on  mortars,  59 
''      table  of  limes,  10 
Physical  characters  of  hydraulic  liiii» 

stones,  28 
Pieces,  bridle  or  suspension,  274 
Piers,  248 

**     abutment,  205 
"      for  bridges,  295 
*'     for  wooden  bridges,  810 
**      of  iron  bridges,  825 
*^     of  suspension  bridges,  dSI 
Pig-metal,  colors,  93 
Pile  engines,  197 
PUes,  disk,  197 

*^     foundations  on,  106 
**      of  iron,  203 
**      pneumatic,  220 
*«      screw.  190 
"•      sheeting,  208 
Pillars,  comparative  strength  of,  184 
''      iron,  134 
**      pressure  on,  134 
**      properties  of,  184 
'*      resistance  of  wood,  128 
'*      transverse  strain  on,  189 
Pino,  88 

Pinning  up  in  masonry,  177 
Pittsburgh,  bridge  at,  844 
Plank-roads,  430 
Plaster-of -Paris,  13 
Plate-band,  the.  247 
Platform,  a,  193 
Plymouth  breakwater,  687 
bridge  near,  800 
Pneumatic  caissons,  229 
**         piles,  220 

**         processes  for  founiatloaa 
220 
Pointing,  269 

Polencean,  tubular  ribs,  829 
Polish  for  Berlin  castings,  109 
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1 

Poooelel,  embankment  walk,  S40 

Rafteru,  d64, 393 

^1 

**         movable  bridge,  383 

Eaftfl  in  rivers,  631 

^^H 

Pont  d'AusterliU,  320 

Bail,  fiah. bellied,  481 

:^^H 

**    desArts,  S3G 

"    in  U.  8.,  433 

^^^1 

**    du  Corroofiei,  326 

'*    jointe,  464 

^^H 

Porphyry,  5 

**    of  Great  Western  road,  etc.,  488 

^^^ 

Portlftnd  c«;meiit,  20 

**    parallel,  433 

^^1 

^^       Clement,  strength,  eta,  of, 

^'    resistiince  to  lateral  forces,  442 

^^1 

117 

Baflrood  ballast,  434 

^^1 

Port  Said  lighthoiia6,t8T 

''      ciOBBingB,  464 

^^1 

Post's  combination  bridge,  342 

""      ourve8,436 

^^H 

•♦      iron  bridge,  840 

«'      gradients,  438,  489 

^^H 

*«    tnuB,aas 

''      sidings,  436 

^^1 

^     Potomac  aqnednct,  208,  308,  212 

*^      street  croatlngs,  438 

^^1 

^^m    Power-drill  ing  machineB,  442 

**      switches,  437 

^^1 

^H     Pmtt^s  tmee,  320 

♦*      tunnels,  430 

^^1 

W          Pzeoantions  against  a»2hes  settling, 

*•      tum-plates,  438 

^^^ 

K                                                 258 

"      velocity  on,  438 

^^M 

^^                                        water,  192 

Eailroads,  effect  of  speed  on,  44S 

^^1 

^^^p                       ^^               yielding  of  f  oun- 

''          gauge  of,  435 

^^1 

^                                             dfttions,  204 

grade  of,  439 

^^1 

Fmarrotion  of  Biiiq)eniiion  bridges, 

Rail,  straight,  433 

^^1 

366 

Bails,  430 

^^H 

timber,  83,  84 

*'    angle  of  deflection,  437 

^^H 

Preservatives  of  iron,  95 

'*    durabUitv  of,  433 

^^H 

Preserring  iron,  94                                ^ 

**    rolled,  433 

^^H 

''          surface  of  stone,  10(3 

•*    steel.  4^3 

^^H 

Priam  of  draught,  474 

'*    steel,  breakage  of,  464 

^^1 

'*    of  lift  474 

*«    steel-headed,  406 

^^^1 

**    what  i»  a,  545 

'*    steel,  results,  464 

^^H 

Prize  for  canal  locomotion,  493 

•*    stedl,  wear  of,  464 

^^H 

Problems  for  strains  on  bars,  540 

**    supports  of,  433 

^^H 

''        on  beams,  M4 

"     wear  of,  433 

^^H 

*^        on  curved  beams,  598 

**    vrrought  iron,  438 

^^1 

^^        on  lattice  girder,  589 

Railways,  430 

^^1 

**        on  roof  tmsaes,  583 

**         temporary,  434 
Railwi^  sleepers,  462 

^^1 

Prooesses  for  making  steel,  98 

^^H 

"        for  preserving  iron,  97 

**        spikes,  Funk's  exporimcnta, 

^^H 

Proofs  of  suspension  bridges,  866 

451 

^^H 

Proportions  for  Coignet  l^toiia,  189 

"       spikes,  Ton  Weber's  experi- 

^^1 

**          for  concrete,  68 

mento,  453 

:^^| 

Props,  272 

^^1 

Protecting  banks  of  rivers,  496 

Baiige,248 

^^1 

*'          aides  of  a  road,  411 

Bansome^s  artificial  stone,  63 

^^H 

Pioteotion  of  nuuKmzy,  260 

Katio  of  tensile  to  oomprcaaivo  foroei 

^^^1 

Providence  swing  bridg€  385 

in  cairt  iron,  132 

^^1 

Pudding  stone,  10 

BAuoourt  de  GbarleviUe,  protection  of 

^H 

1          Paddling.  208 

masonry,  260 

^^H 

^K     Parlins,  393 

ReconnaisBanoe  for  a  road,  403 

^^M 

^^H     PnsiolaiUK  43 

Bed  sandstone,  8 

Eeducing  hydraulio  oetnent,  40 

H 

m          Quality  of  brick,  77 

Eegimeu  of  a  river,  494 

^^H 

H            Quarries  of  marble,  11 

Eelation  between  strains  and  forces 

^^1 

■            Qnarry-bed,  183 

5(S3 

^^H 

■            Quay  walla,  542 

Eelieving-arohes,  245 

^^1 

■            Qnays  of  wet-dooks,  543 

Hendel,  bridge  built  by,  309 

,^^| 

I            Qaeen-posta,  374 

Bonnie,  effect    of    temperature    m 

^^1 

■           Qnioklime,  9 

bridges,  331 

J 
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I  iron.  163 
^'        atxer^tk  ei  oofiper,  146 

strex^th  of  tin  and  kad.  167 
^        table  of  itieog:th  of  ■tone, 

no 

^^        tensile  streogth  of  cast  iron, 
131 
Benwick's  proccaB  for  protectzsc  tim- 
ber, 86 
BepaxzB  of  maaoiuy,  260 

'*      of  roads  42S 
Bepoae,  angie  of.  407 
Reqniattes  of  strength  in  maacwry.  175 
Beaearchea  on  ftrotgth  of  mateziala. 

104 
Baaiatanoe  of   cast  iron  to  comprea- 
sicm,  131 
^         of  cast  iron  to  extensioa. 

131 
"         of  copper  to  strain,  166 
**         of  cylindrical  colomna,  132 
'*         of  iron  to  torsion,  162 
**         of   iron-wire    to   impact, 

161 
**         solids  of  eqnaL  555 
*^         of  square  wood  pillars,  123 
"         of    timber    to  detmsion, 

130 
^        of  timber  to  strain,  122, 

125 
**        at   timber  to  'transreise 

strain,  125 
**         of   wrought  iron  to  oom- 

preasive  strain,  154 
*'         of  wrought  iron  to  tensile 
strain,  147 
Beaerroirs,  canal,  474,  476 
Besults  of  steel  rails,  464 
Retaining- walls,  239 
BetiUment»,  245 
Bhine,  wing-dams  on,  49S 
Bibs  for  light  arches,  290 
*'    in  a  bridge-frame.  322 
**    of  iron  bridgcB.  325 
**    tubular,  32«.  829 
Rideau  canal,  492 
Biebell,  strength  of  frames,  274 
BiTer  bars,  502 

**     iroproyementB,  495 
Bivers,  494 

^*        protecting  banks  of,  496 
Boad  coyering,  broken  stone,  423, 425 
"     coverings,  419 
**    drainage,  413,  416 
**    effect  of  speed  on,  443 
Boadstoads,  536 
Boads,  403 

''      benches  of,  412 


**     earthwork  of.  41 1 

embankmcata  o£.  400,  414 
'*      excaTatMsa  foe  411 

French  riews  ob,  4S6 

''     gzaTeL425 

'*     location  of  ooobmb,  4C6 

*'*'     nacadamiaed,  424 

^     map  and  mrnioir  of  a,  4K 

«•     maatic  for,  428 

'*     matenak  foe:  428 

''     park,  426 

''     plank,  430 

''     repairs  of,  428 

««      Boman.421 

''     aetting  lines  of,  410 

"^     side  channels  oC,  417 

''     Bide  slope  of,  411 

*'      slips  on,  412 

''     stone  for,  15 

"      summer,  429 

^*     surface  water  of,  418 

*'      T^lfoid*s  plan,  424 
Boadwaj  of  suspension  In  iclgaa.  Ml 

'*       of  wooden  bridge,  828 
Boadways,  asphaltic,  427 
Bock,  4 

Rock  foundationa,  191 
Boebling,  East  Birer  bridge,  S80 
^*        experiments  on  wiie,  158 
'^        Honongahela  bridge,  878 
Rogers,  analyses  of  magneaian  lime 

stones,  22 
Rolled  rails,  433 

Roller  for  compressing  roads,  427 
RoUing  bridges,  3^,  391 

'*       mills,  roof  of,  400 
Roman  cement,  12 

strength  of,  118 

"      roads,  421 
Bome  (N.  Y.)  bridge,  344 
Rondelet,  on  adherence  of  mortaie,  78 
on  walU,  238 
*  ^       specific  g^vity  and  atrcngth 
of  stone,  113 
Roofing  slate,  8 

Boof  of  capitol  at  Montpelier,  400, 
402 

*'    of  Uniyersity  of  Mich.,  40 1 ,  401 

^^    truss,  depot,  399 

*'      *^      problems  on,  658 

''    tmsaes,  393 

**        **        iron,  896 
Boofs,  393 

*'      and  domes,  400 

^*      snow  and  wind  on,  894 


^^^^^^^^^^^^^^^^^n^L^^^^^^^^^                    ^M 

BopM  for  inclined  planei,  489 

Sidewalks^  423                                          ^M 

''      iron,  steel,  and  hemp,  com- 

asphaltic,  4ST                        ^^H 

p%rative  strength  of,  166 

Sidings  of  ratlroadS)  436                    ^^^M 

Rot,  wet  and  diy,  83 

Sienite,  5                                            ^^^H 

Eubble  pAvement*  431 

4                                                ^^^1 

'*^     atone  masonry,  183 

Silioious  sands,  47                               ^^^^| 

Rules  to  determine  strength  of  oa«t- 

stones,  4                             ^^^^B 

irou  beams,  143 

Single  lattice  girder,  589                   ^^^H 

Rupture  by  compreasion^  107 

Slack-water  navigation,  631             ^^^^H 

^^            ''        bj  t^naile  force,  107 

Slaked  lime,  9                                     ^^^M 

^^p                     moment  of,  5/)4 

Slaking  lime,  37                                 ^^^^H 

^■^            **        of  arche*,  257 

Slate,  graywacke,  8                          ^^^^H 

1 

hornblende,  8                          ^^^^^1 

I             Salt  in  mortar,  47 

mica,  6                                    ^^^^^| 

1              Hiind,  47 

''     roofing,  8                                  ^^^1 

i                **      Fontainebleau,  187 

*'     taloose,  7                                   ^^H 

^^L          *^      for  oentring  arches,  StH) 

Sleeper  for  railroad,  434                      ^^^^B 

^H          *^      for  foiindationji,  203 

Sleepers,  force  to  draw  spikes  out^  466        ^H 

^"            **      for  pavemente,  420 

how  affected,  448                       ^H 

1                 ''      foundations,  192 

railway,  463                                 ^M 

^_^       Sandjitone,  7 

Slips  on  a  road,  412                                    ^H 

^H       Sftvannah,  bridge  OTer  the,  228 

Smith  (W,  S, }  on  pneumado  caiaaona,       ^H 

^V       Sawyers  in  rivera,  530 

229                                                           ^M 

i             Scaffolding,  185 

Snags,  580                                                  ^H 

1              Scarf 'ioiot,  208 

Snow,  weight  of,  394                                ^H 

^H        Scboneotady  bridge,  34i 

Soapstone,  7                                              ^H 

^m       Bohnylkill  bridge,  St7 

Soffit,  2iS                                                   H 

^"        Bcorff,  bridge  orer  the,  230 

Soils,   compressible,  foundations  in,       ^H 

Screw  piles.  196 

192                                                 H 

Beacoast  improvements,  534 

''      for  foundations,  190                      ^M 

*^   walls,  543 

'^      ^et  and  marshy,  410                      ^M 

♦*  water  for  mortar,  189 

Solders,  99                                                   ^H 

Seasoning  timber,  81 

1  Solid-built  beams,  265                              ^H 

Section,  dangeroua,  655 

contents  of  a  road,  409                    ^H 

'                    ^*       of  retaining-walls,  243 

Solids,  extension  and  contraction  of^       ^H 

Soekonlc  River  bridge,  201 

106                                               ^1 

Septaria,  20 

*■      of  equal  reaiBtanoe,  525                ^H 

'              Setting  linea  of  a  road,  410 

SouOIac  bridge  of,  808                           ^M 

**        of  mortars,  57 

Southwark  bridge,  826                            ^H 

Settling  of  arches,  precautions  against 

Specific  gravity  of  cast  iron,  92               ^H 

258 

Speed  of  trains,  effect  of,  443                   ^H 

**      of  embankments,  414 

Spikes,  force  to  draw  out  of  sleepc  n,        ^^ 

Severn,  bridge  over,  321) 

456                                                     1 

Sewers  of  be  ton  agglomere.  188 

**      iron,  adhesion  to  timber,  176       ^J 

Seywel  bituminooa  sandstone,  74 

*'      railwi^r.  experiments  on,  451,       ^1 

Shafts  for  road  drainage,  413 

453                                             ■ 

''     working,  440 

Spoil-bank,  416                                          ^B 

Sheiyring  strain,  560 

Springs,  oaosing  road  slips,  413               ^H 

**          *'      resistance  of  iron  to, 

^  Spmoe,  89                                                ^H 

161 

Stability  of  a  permanent  way,  448          ^H 

Sheeting  piles,  208 

Staines  bridge,  320                                   ^M 

Sbip-worma,  86 

iron  bridge  at,  331,  339             _^H 

Shoe-plates,  290 

Statuary  marble,  10                            ^^^^M 

Shores.  272 

Steatite,  7                                          ^^^H 

Bide  channels  of  roa(1s,  417 

Steam  for  canals,  493                        ^^^H 

**     cnttinga,  416 

pilenlrirer,  198                       ^^^H 

**     draina,  417 

Steel,  98                                               ^^^M 

_          "     slope  of  a  road,  411 

Steel-headed  raila,  466                     ^^H 

€U 


Sted  nik,  43S 

bRdkace  ot  4U 

**        taction  om  4CS 
'*         wc«rof,-M4 
6t««L,  ttnagth  of,  163 
i^tecp  gTHiients.  nilrottd.  439 
St^pbensozu  tabular  bndges,  348 
Stirnipa,264 
8too«,4 
Stone  bridgvi.  279 

of  Eorope,  906  | 

'*     for  paTcmcntB,  420  ! 

'•     jettj,  539 

**     preserrisg  taiface  of.  108 
''     tEunwam  420  | 

Stones,  arch,  248  I 

''      broken,  road  ooTerin9,428, 425 
*'      eat  174 
''      dnrabOitj  of,  13 
'*      espanaion  of,  114,  115 
''      paTing.  420 
''      ftrength  of.  109 
Stonej,  tables  of  strength  of  rope,  150 
Stony  ground  f oondationa,  191 
Strai^t  tail,  432 

Strain,  breaking,  of  wrooght  iron,  152 
Strain  on  pillars.  135 
'^     on  unit  of  area,  554 
**     permanent,  on  stone,  113 
*'     resistanoe  of  timber  to,  122. 

125 
*'     resistanoe  of  wrooght  iron  to, 

147 
*'     shearing,  SCO 
'*     shearing,  resistance  of  iron  to, 

161 
*'     workings  of  wrought  iron,  162 
Strains  and  forces,  relations  between, 
5C3 
'*     dsssification  of,  545 
**      cross,  frames  for,  264 
Stxaining  beam,  272 
Street  crossings  of  railroads,  438 
Strength,  etc.,  of  Portland  cement, 
117 
M       compazatiye,  of  iron,  steel. 

Slid  hemp  rope^  15C 
**        in  masonry,  requisites  of, 

175 
"        of  beton,  118 
"        of  boiler  iron,  148 
^        of  cast  iron,  91,  181 
^        of  cast  iron  beams,  rales  to 

determine,  148 
**        of  concrote,  118 
*•        of  copper,  166 
**        of  frames,  274 


**        ofi 

**       ofi 

*•       of< 

"        of] 

''        ofsteeLie 

''        of  stone,  109 

''        <tf  timber.  119 

of  wrooght  irau  98. 14T 
of  wrooght  inn.  effect  «l 
tempentme  OD«  158 
8traigt]:eniiig  briek-wetk,  184 
StretdieiB.  in  masoiiiy,  177 
Stnking-pJatea,  290 
St.  Lawrence  cana]B,40 
St  Loois  bridge.  231 
St  Loois  and  llfiras  bridgie,  844 
Stroctorea.  component  fiarte  <K|  S8B 
foondatloiaL  190 
in  watery  208 
Strata.  264 

inclined,  278 
Stoooo.  260 

Style  of  arddtectore  ftv  bridgei,  9N 
Summer  roads,  429 
Sommit  lerel  467, 471 
Sunderland  bridge,  826 

Superstructure  of  a  bridge.  80S    

Supportfnuning  for  intemiediate,979 
Supports  of  raik,  433 
▼ertioaL  239 
Surfaces  of  the  aroh.  288 
Surface  water  of  a  road,  418 
Surrey  for  a  bridge,  280 
Surveys,  405 

Suspending  chains  of  bridgea,  864 
Suspension  bridge.  East  RiTer,  879 
"  Fribourg,  870 

"  Hungerford,  871 

Menai,868 
^*  Monongahela,  878 

"  Niagara,  874 

**  orer  the  Tweed, 

368 
Suspension  bridges,  857 

**  abatments,  803 

'*  cables  ot  860 

*«  chains  of,  860 

''  darabUit7ot887 

«*^  main  fth^JTm  of, 

863 
«*  piers  of,  862 

^*  preserration  of, 

866 
**  proofs  of,  866 

**  roadway,  864 

''  Tibrationsof,3G9 

Suspension  pieces,  274 
Sustaining-walls,  239,  415 
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^       Sweden,  experlmente  on  Bteel,  163 

Therm O'tensiOQ,  effects  on  wrought*       ^M 

Swing^bridge,  Pronridence,  385 

iron,  101                                                      ^B 

Swinging-bxidgea,  3H0 

Thickness  of  walls,  338                        ^^^| 

Switches,  imilrfMbd,  437 

Thomas  viaduct,  the,  307                   ^^^M 

System  of  Back,  286 

Through,  a,  in  masonxy^  178             ^^^H 

Sxegedin,  bridge  at,  337 

Tidal  water,  coffer- dams  in,  310        ^^^H 

Tide-lock  of  a  canal,  490                          ^M 

Tabls  of  ayezBge  values  of  moduli^ 

Tides,  theory  of,  534                        ,^^H 

018 

Tie-joints,  371                                    ^^H 

^            **     of  ooefllcientB  of  liaear  ezpan- 

Ties.  264                                            ^^H 

^m                    mon,  168 

''    for  detached  frames,  395         ^^^M 

^H          **      of  exp^rimeDtn  on  cast^iran  bar 

Tiles,  70                                              ^^H 

^^B                      impinged  upon,  144^  145 

Timber,  adhesion  of  iron-splkee  to,       ^| 

^H          **      of  hjdraulio  cements,  20 

170                                          ■ 

^H           ^*      of  ratio  of  tenaile  to  compres- 

defects  of,  83                              ^M 

^H                     sive  foroefl  in  oaat  iron,  133 

destroyers,  66                             ^H 

^H          **     of  results  of  experimetita  on 

durability  of,  86                  ^^H 

^m                     bars  of  hot-blaat  iron,  139, 

most  durable.  83                 ^^^M 

H                    140 

neutral  axis  of,  107            ^^^^| 

^H          •*      of  strength  of  boQer-iron,  14S 

**        preservation  of,  83,  84                H 

^H          *  *      of  strength  of  square  and  round 

**        resistance  to  detrusion,  130       ^M 

^H                      bars  of  wrought  iron,  14>^ 

''        reststanoetostralTi,  122, 135      ^H 

^1          *'      of  strength  of  stone,  110,  111, 

seasoning,  61                            ^1 

■                     113 

strength  of,  119                        H 

^P           '«      of  wear  of  stone,  10,  17 

Time,   effects  of,    in  elongatiaa  ot       ^M 

^^r           **      oomparati?e  strength  of  iron, 

wrought  iron,  155                       ^| 

r                           steei,  and  hemp- rope,  186 

'*        effects  of,  on  deflections,  180        H 

Tatoose  sU^te,  7 

Tin,  99                                                          ■ 

Tail's  bracket  t«caffolding,  185 

strength  of,  167                                  ^M 

Tar,  roineml,  74 

Torsion,  reeiBtance  of  iron  to,  163             ^M 

Tedfoid,  Mflnai  bridge,  388 

Totten,  on  hrick  masonry,  184                   ^1 

Telford  pavement,  424 

"     on  river  wing-dams,  409               ^H 

Temperature,  effect  on  bridges,  331 

strength  of  mortars,  116      ^^^H 

•*           effect  on  copper,  167 

Town's  tntm,  316                                ^^^1 

^'            effeot  on  masoDry,  261 

Tow-path,  468                                    ^^^1 

*^           effect  on  stone,  114 

Traction,  force  of,  407                      ^^^^M 

**           effect  on  strength  of 

on  steel  rails,  465              ^^^H 

wrought  iron,  158 

Tramways,  iron,  430                             ^^M 

*'           effect  to  expand  me- 

stone, 420                                  ■ 

tals,  eta,  1<J7 

Transverse  strain   on  wrought  iron,       ^H 

''            effects  on  iron,  137 

154                                        ■ 

Temporary  dams,  nanal,  490 

**            strain,  reftistsnce  of  tim-       ^H 

railways,  434 

ber  to,  135                            V 

Tenule  strain,  resistance  of  timber 

'*            strength    of    oold-btasl        B 

to.  123 

iron,  136                               H 

*  *             resistan  oe  of  wrough  t- 

Trapezoidal  truss,  Whipple's  332               ^1 

iron  to,  147 

Trass,  43                                                     ■ 

Tenon  joints,  270 

Tredgold,  resistaDoe  of  timber  to  d#«         ■ 

Terms  in  bridge  nomenclature,  314 

trusion,  130                                         ^^^| 

Testing  csst  iron,  91 

Tree,  trunk  of,  80                             ^^^1 

Tests  of  hydraulic  limestones,  23 

Trees,  felling,  80                                ^^H 

**     of  steelrada,  4«5 

girdling  and  barkinff,  80         ^^^H 
of  United  States,  86                1^^| 

Tewksbury  bridge,  320 

Thames  tunnel,  184 

Treussart,  betou  fouudaticzj*  Kt  oof  ^^^^B 

Theim,  bridge  over  the,  337 

fer-dams,  315                          ^M 

TlieoiT  of  mortars,  53 

**           on  hydraulic  mortal,  48          ^^l 

*^      of  tides,  634 

*^          on  pu^olauas,  44                    ^H 

^     of  waTes,  535 

Trial-lines,  405                                     ^^M 
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Triomphal  azol,  869 
Trunk  of  a  tree,  80 
Truae,  arched,  837 
"      BoUman's,  387 
**     bridges,  vertical  sheaiing,  595 
*«     Burr's,  818 
^*     depot  roof,  899 
**      Fink,  838 
♦'     Howe's,  817 
"     lattice,  816 
"     Linville.  834 
"     Long's,  315 
"     McCaUum's,  820 
"     Post's,  839 
"     Pratt'a,  820 
**     Town's,  316 
*'     weights  borne  bj,  275 
**     Whipple's  trapezoidal,  882 
Trusses  for  wooden  bridges,  815 
"      iron  roof,  896 
♦♦      root  393 
Tube,  model,  for  bridge,  849 
Tubes,  iron,  breaking  weight  of,  854 
Tabular  bridge,  Britannia,  850 
*'      bridges,  847 
**     iron -ribs,  328,  829 
Tunnel,  Hoosao,  442 

''       Mont  Cenis,  442 
Tunnelling,  operations  in,  440 
Tunnels,  439 

''       drainage  of,  442 
**       masonry  of,  441 
''       water  in,  442 
Tumbull,  bridge  built  by,  808 
Tutning-bridges,  380,  384 
Turn-plates,  438 
Tweed,  suspension  bridge  over,  868 

Ulster  Co.  hydraulic  limestone,  21 
Under-pinning  in  masonry,  177 
United  States,  canals,  487 

^^  lime-burning  in,  81 

''  rail  used  in.  432 

Unit  of  area,  strain  on,  554 
Uniyersity  of  Michigan,  roof  of,  401, 
402 

/ARIETIB8  of  iron,  90,  92 
oak,  87 

''  paints,  101 

"  pine,  88 

''  steel,  98 

Varnish,  copal,  101 

**       for  zincked  iron,  102 

**        Japan,  101 
Vanishes,  100 
Velordty  on  a  railroad,  438 
Verd  antique,  11 


Vertical  supports,  239 

Vesniel,  Gothic  church,  187 

Viaduct,  279 

**       the  Carroll  ton,  808 
.     **       the  Thomas,  807 

Vibrations  of  suspension  bridges,  868 

Vicat,  artificial  hydraulic  lime,  41 
**      cement  limestones,  18 
'^     effect     of    temperature     <ni 

bridges,  331 
'*     fuel  for  lime-buruing,  27 
'*     hydraulic    magnesian     lime- 
stones, 21 
' '     magnesian  limestone  of  France, 

22 
**     on  dolomites,  11 
**     on  elongation  of  wrought  iron 

155 
**      on  hydraulic  mortar,  49 
**     strength  of  mortar,  50 
'*     strength  of  mortars.  116 
''     strength  of  stone«  113 

Victoria  bridge,  212,  854 

Volumes  of  the  arch,  288 

Von  Weber,    experiments  on  rails, 
442 

Von  Weber  on  stability  of  permanent 
ways,  443,  446 

Von  Weber's  experiments,  deductiona 
from,  461 

Von  Weber's  experiments  on  railway 
spikes,  453 

Vtmnaairs,  248,  283 

Wadb,  crushing- weights  of  cast  iron, 
166 

**       tenacity  of  iron,  138 
Walker,  table  of  wear  of  stece,  16 
Wall  for  an  embankment,  240 
Walls,  concrete,  185 

**      of  enclosure,  238 

"      quay,  542 

**      retaining  or  sustaining,  239 

''      sea,  543 

^*      sustaining,  415 
Waste-weir,  479 

''  of  a  canal,  490 

Water  decreases    linear   expansiou 
169 

*«      effect  on  stone.  15 

*^      flame  lime  kilns,  34 

^*      in  tunnels,  442 

**      precautions  against ,  192 
Waterloo  bridge,  292 
Water,  structures  in^  208 

*'       supply  of  a  canal,  477 

**       wings  of  a  bridge,  306 
Water-way,  467 
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Water-waj,  enlargement  Off,  806 

•'         in  bridge-bQilding,  280 
WaTes,535 
Weafofiails,  433 
*'    of  steel  ndk,  464 
'•    of  atone,  14 

"  Coriolis'  table,  17 

«'  Walker*B  table,  16 

V^eather,  mortars  exposed  to,  50 
Wedges,  folding,  266 
flTeight  of  snow,  894 
flTelland  canal,  493 
VlTemwag^s  Schuylidll  bridge,  817 
V^et-dooks,  541 

HThipple^s  trapezoidal  tniss,  832 
^^        trass,     modifioatiooa    of, 
334 
VHiirlpools,  534 
Fhoeler,    experiments    relatiye    to 

suspension  bridges,  367 
Width  of  roads,  429 
H^illiamsport  canal  bridge,  490 
V^ind,  force  of  the,  394 
Wing-dams,  497 
Wing-walls  of  bridges,  290 
Wire,  iron,  resistance  to  impact,  161 
Wood,  79 
Wooden  arches,  277,  321 

*'      beama,  deflection  of,  128 
**      |]fidc«a,810 


Wooden  bridges,  oelebratad,  824 

^'      jetties,  539 
«*       vavements,  421 
Wood  pillars,  resistance  of.  128 
Working  strain  of  stone,  111-114 

*^      strain  of  wronghfe  iro]vl62 
Works,  accessory,  of  a  canal,  488 
Wright,  W.  H.,  on mprtar  mill,  68 
Wrought  iron,  92 

''  bridges,  847 

**  conclusions  of  Kirkal* 

dy  on  strength  of, 
149 
'*  elongation  of,  165 

**  rail,  431 

'«  rails,  438 

**  resistance  to  oompxea- 

sion,  154 
'*  resistance    to    trana- 

Terse  strain,  154 
''  strength  of,  147 

'*  temperature,     effeoti 

on,  158 
*<-  thermo-tenaionof,  161 

YiSLDiNO  of  arches,  257 

Zinc,  99 

Zincked  iron,  yamiah  for,  102 
Zinddng  iron,  05 
Zoofagoiis  painl,  102, 106 
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